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CURRENT RANGE OF PHILIPS COMPONENT 
RF POWER TRANSISTORS 


type 





BFQ42 
BFQ43 
BFQ43S 
BFS22A 


BFS23A 
BLE ax 


BLT90/SL 
BLT91/SL 
BLT92/SL 
BLT93/SL 


BLU20/12 
BLU30/28 
BLU30/28 
BLU60/28 
BLU60/28 
BLU30/12 


BLU45/12 
BLU50 
BLU51 
BLU52 
BLU53 
BLU60/12 
BLU97 
BLU98 


BLU99 
BLV10 


BLV11 


BLV20 











envelope 


Notes: see next page. 


mode of operation 








TO-39/1 | CW; class-B 
TO-39/3 | CW; class-B 
TO-39/3 | CW; class-B 
TO-39/1 | CW: class-B 
TO-39/1 | CW; class-B 
see MOSFETs page 
SOT172 | CW; class-B 
SOT172 | CW;class-B 
SOT122 | CW; class-B 
SOT122 | CW; class-B 
SOT119 | CW; class-B 
SOT119 | CW; class-B 
SOT119 | CW; class-B 
SOT119 | CW; class-B 
| SOT119 | CW; class-B 
SOT119 | CW; class-B 
SOT119 | CW; class-B 
SOT161 | CW; class-B 
SOT161 | CW; class-B 
SOT161 | CW; class-B 
SOT161 | CW; class-C 
SOT119 | CW; class-B 
SOT122 | CW; class-B 
SOT103 | CW; class-B 
SOT122 | CW; class-B 
SOT123 | CW; class-B 
SSB; class-A 
SOT123 | CW; class-B 
SSB; class-A 
SSB; class-AB 
SOT123 | CW; class-B 
SSB; class-A 





VCE 


13.5 
12.5 
13,5 
12.5 
13.5 
12.5 
13% 
12.5 
28 


12.5 


12.5 
12.5 
12.5 


12.5 
12.5 
13.5 
12:5 
12 


13.5 
12.5 


12 


13,5 


28 
26 





frequency 
MHz 


175 
175 
175 
175 
175 
175 
175 
175 
175 


900 
900 
900 
900 


470 
470 
470 
470 
470 
470 


470 
400 
400 


400 
400 
470 
470 
900 


470 
900 
175 
5 
28 
n75 
175 
28 
28 


175 
28 
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type envelope | mode of operation | Vcg | frequency | output power | power gain 
V MHz W dB 
BLV21 SOT123 | CW; class-B 28 175 15 > 10 
SSB; class-A 26 28 2.3 (note 3) 20 
BLV25 SOT119 | CW; class-B : 
narrow band 28 108 175 = 10 
BLV30 SOT122 | lin.ampl., class-A 25 225 1.5 (note1) |> 18 
25 225 1.7. (note 1) | typ. 20 
BLV31 SOT122 | lin.ampl., class-A | 25 225 5  (note1) |> 15 
25 225 7 (note 1) | typ. 16.5 
BLV32F SOT160 | lin.ampl., class-A 25 225 10 (note2) | > 16 
25 225 |} 12.5 (note2) | typ. 17.2 
BLV33 SOT 147 | lin.ampl., class-A 25 225 19 (note2) | > 9 
25 225 26 (note 2) | typ. 9.7 
class-AB | 28 225 90 (note2) | typ. 6.5 
BLV33F SOT119 | lin.ampl., class-A 25 225 16 (note2) | > 13.5 
| 25 225 22 (note 2) | typ. 14.8 
class-AB | 28 225 85 (note 2) | typ. 10.5 
BLV36 SOT161 | lin.ampl., class-AB | 28 225 115 ee | 
28 225 115 typ. 13 
12.5 175 8 typ. 10.5 
BLV37 SOT179 | CW;class-B 28 108 250 > 10.5 
typ. 11:3 
BLV38 SOT179 | lin.ampl., class-AB | 35 225 225 = US 
. typ. 8.8 
BLV45/12 | SOT119 | CW; class-B 12.5 175 45 = Geb 
BLV57 SOT161 | lin.ampl., class-A =| 25 860 6 (note2) |> 8 
25 860 12 (note2) | typ. 9 
lin.ampl., class-AB | 25 860 38 | typ. 6.5 
BLV59 SOT171 | lin.ampl., class-AB | 25 860 30 7 
BLV75/12 | SOT119 | CW; class-B 12.5 175 75 ss 6.5 
typ. 7.5 
BLV80/28 | SOT121 | CW; class-B 28 175 80 | > 6.5 
typ. 7 
BLV90 SOT172 | CW; class-B 12.5 900 1 bs 725 
9.6 900 0.75 typ. 7.9 
BLV90/SL | SOT172 | CW; class-B 12.5 900 1 “aes 
9.6 900 1 typ. 7 
BLV91 SOT172 | CW; class-B 125 900 Z > 16,5 
| 96 900 1.5 typ. 6.6 
Notes 
1. Po sync at dim < —60 GB. 3. PEP atda =< —404B. 9. Available on request 
2. Po sync at dim < —595 GB. 4. PEP at d3 typ. —30 dB. as joose-leaf data 
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type 





BLV91/SL 


BLV92 


BLV93 


BLV94 


BLV95 
BLV97 


BLV98 


BLV99 


BLW29 


BLW31 


BLW32 


BLW33 


BLW34 


BLW50F 


BLW60 


BLW60C 


BLW76 


BLW77 


BLW78 


Notes 





envelope 


SOT 172 


SOT 171 


SOT171 


SOT 171 


SOT171 
SOT171 


SOT 171 


SOT 172 


SOT 120 


SOT 120 


SOT 122 


SOT 122 


SOTIZ2 


SOT 123 


SOT56 


SOT 120 


SOT 121 


SO rTZI 


SOT121 


CW; class-B 
CW; class-B 
CW; class-B 
CW; class-B 


CW; class-B 
CW: class-B 


CW: class-B 
CW; class-B 
CW; class-B 


CW; class-B 


SSB; class-A 
SSB; class-AB 
CW: class-B 
SSB; class-AB 
CW; class-B 
SSB; class-AB 
SSB; class-AB 
CW; class-B 
SSB; class-AB 
CW: class-B 
CW; class-B 
SSB; class-A 
SSB; class-AB 





1. Po sync at dim < —60 dB. 
2. Poveynie tt dim = =05 GB: 


mode of operation 


lin.ampl., class-A 


lin.ampl., class-A 


lin.ampl., class-A 





VCE 


12:5 
9.6 


12:5 
9.6 


1:25 
9.6 


12.5 


12.5 
24 


24 
24 


13.5 
12.5 


13:9 
12:5 


25 
25 


25 


25 
25 


45 
50 


12:5 
12.5 


12.5 
12.5 


28 
28 


28 
28 


28 


28 





| frequency 


MHz 


900 
900 


900 
900 


900 
900 


900 


900 
900 


900 


900 


175 
175 


175 
175 


860 
860 


860 
860 


860 
860 


1.6-28 
1.6-28 
175 

1.6-28 


175 
1.6-28 


1.6-28 
108 


1.6-28 
87.5 


150 
28 
28 








Output power 


W 

2 

1.5 

4 

3 

8 

6 

15 

22 

30 

14 

2 

15 

15 

28 

28 

0.5 (note 1) 
0.63 (note 1) 
1 (note 1) 
1.15 (note 1) 
1.8 (note 1) 
2.15 (note 1) 
0-16 (note 3) 
10-65 (note 4) 
45 

3-30 (note 4) 
45 

3-30 (note 4) 
8-80 (note 4) 
80 


15-130 (note4) 
130 


100 
35 (note 3) 
100 (note 4) 


3. PEP at dg < —40 dB. 
4. PEP at dz typ. —30 dB. . 





‘typ. 10.5 








power gain 
dB 


typ. 10.5 


typ. 9.5 


ae 
typ. 12.2 


x -40 





typ. 10.2 


> 19.5 
typ. 18 


typ. 19.5 


typ. 19.5 


= 13 
typ. 7.9 


> 12 
typ. 7.5 





typ. 19.5 
typ. 19 


type 








BLW79 


BLW80 


BLW81 


BLW83 


BLW84 


BLW85 


BLW86 


BLW87 


BLW89 


BLW90 


BLW91 


BLW95 


BLW96 


BLW97 


BLW98 


BLW99 
BLX13 


BLX13C 


BLX14 


Notes 





envelope 


SOT122 


SOT 122 


SOT 122 


SOT 123 


SOT 123 


SOT 123 


SOT 123 


SOT 123 


SOT 122 


SOT 122 


SOT 122 


SOT 121 


SOT 121 


SOT 121 


SOT 122 


SOT121 


SOT56 


SOT 120 


SOT55 





mode of operation 


CW; class-B 


CW; class-B 


CW; class-B 


SSB; class-A 
SSB; class-AB 


CW: class-B 
CW; class-B 


SSB; class-AB 


CW; class-B 
SSB; class-AB 
SSB; class-A 


CW: class-B 


CW; class-B 


CW; class-B 


CW; class-B 


SSB; class-AB 
SSB; class-AB 
CW; class-B 
SSB; class-A 


SSB; class-AB. 


lin.-ampl., class-A 


SSB; class-AB 


SSB; class-A 
SSB; class-AB 
CW; class-B 


SSB; class-A 
SSB; class-AB 


SSB; class-A 
SSB; class-AB 
CW; class-B 
CW; class-B 








VCE 


12.5 
125 


12.5 
12.5 


12.5 
12.5 


26 
28 


28 


12:5 
13.5 
12.5 


28 
28 
26 
13.5 
28 
28 


28 





MHz 


175 


1.6-28 
1.6-28 


175 


175 
175 
1.6-28 


175 
1.6-28 
1.6-28 


175 





470 


470 


470 


1.6-28 


1.6-28 
108 
28 


1.6-28 


860 
860 


1.6-28 


28 
28 
70 


1.6-28 
1.6-28 


1.6-28 
1.6-28 








30 


frequency 











output power 
W 


10 
10 
0-10 
3-30 
25 
45 
45 
3-30 
45 
5-47.5 (note 4) 
17 (note 3) 


25 


(note 3) 
(note 4) 


(note 4) 


10 


20-160 (note 4) 


25-200 (note 4) 
200 


50 (note 3) 
175 (note 4) 
3.5 (note 1) 
4.4 (note 1) 
80 = (note 4) 
0-8 (note 3) 
25 (note 4) 
25 

0-8 (note 3) 
3-25 (note 4) 
25 (note 3) 
7.5-50 (note 4) 
50 

50 


3. PEP atd3 << —40 dB. 
4. PEP at d3 typ. —30 dB. 











power gain 





typ. 


typ. 


VV V 


typ. 


dB 


me ae) 


20° 


. 27 


4.5 


ADD 


7.5 


. 19 


. 6.6 


12 


21325 


11 


ip Fd) 


. 10.5 


14 
13.5 


. 6.5 
a, 


11.5 
6.5 


12.5 


18 
18 
17 


20 
21 


13 
13 
7.5 
16 





type 





BLX15 


BLX39 
BLX65 


BLX65E 
BLX65ES 


BLX67 


BLX68 


BLX69A 


BLX9IA 


BLX91CB 
BLX92A 


BLX93A 


BLX94A 


BLX94C 


Notes 
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envelope 


SOT55 


SOT 120 


TO-39/1 


TO-39/3 


T0-39/3 


SOT 48/3 


SOT 48/3 


SOT 48/2 


SOT 48/3 


SOT48/3 
SOT48/3 


| SOT48/3 


SOT 48/2 


SOT 122 








mode of operation 


SSB; class-AB 
SSB; class-A 
CW: class-B 
CW; class-B 


CW; class-B 
SSB; class-AB 
SSB; class-A 


CW; class-B 
CW; class-B 
CW: class-B 


CW: class-B 
CW; class-B 


CW; class-B 
CW; class-B 


CW; class-B 
CW; class-B 


CW; class-B 


CW; class-B 


CW; class-B 


video CRT driver 
CW; class-B 


CW; class-B 


CW; class-B 


CW; class-B 


1. Po sync at dim <—60 dB. 








VCE 


50 
40 
50 
50 


28 
28 
26 


13.8 
12.5 
12.5 


12.5 
12.5 


12.5 
12.5 


13.8 
13.8 
125 
12.5 


13.8 
13.8 
12.5 
12:5 


13.5 
12.5 
12.5 


24 
28 
28 
28 


28 


24 
28 
28 
28 


24 
28 
28 
28 
28 


28 










































frequency | output power | power gain 
MHz W dB 
1.6-28 | 20-150 (note 4) | > 
1.6-28 | 30 (note3) |) > 14 
70 150 > 10 
108 150 typ. 7.4 
175 45 2 15 
1.6-28 | 5-42.5 (note4) | typ. 19 
1.6-28 | 15 (note 3) | typ. 20 
470 2 typ. 7 
470 2 > 6 
175 2 typ. 12 
75 2 typ. 16 
470 2 > 9 
175 2 typ. 16 
470 2 > 9 
470 1.5 typ. 10 
470 3.0 typ. 9.3 
470 2.5 > 8.5 
175 3.0 typ. 20 
470 7 > 5.4 
470 7.8 typ. 5.9 
470 7 > +5 
175 7.2 typ. 12.6 
470 20 > 4 
470 17 a A 
175 7 typ. 11 
470 0.85 typ. 12.3 
470 1 > ‘11 
470 1.45 typ. 12.6 
1000 1.4 typ. 5.4 
“VCESM max. 65 V; C, typ. 3 pF” 
470 2.4 | typ. 10.8 
470 2.5 ee |i 
470 3 typ. 11.7 
1000 2.5 typ. 5.5 
470 7 typ. 8.5 
470 7 > $B5 
470 8 typ. 9 
1000 5 typ. 5.2 
470 25 > 6 
typ. 6.5 
470 25 > 65 
typ. 7.25 


3. PEP at d3 < —40 dB. 


4. PEP at d3 typ. —30 dB. 


———- 


| 





type envelope | mode of operation | VcE | frequency | output power | power gain 
V MHz W dB 
BLX95 | SOT5S6 | CW;class-B 28 470 40 < 45 
28 175 40 typ. 11 
BLX96 SOT48/3 | lin.ampl., class-A 25 860 0.5 (note1) | >. 6 
25 860 0.6 (note 1) | typ. 7 
BLX97 SOT48/3 | lin.ampl., class-A 25 860 1 (note 1) | > 5.5 
25 860 1.1 (note 1) | typ. 6.5 
BLX98 SO7T48/2 | lin.ampl., classA = 25 860 3.5 (note ])), |e: “be 
! | 25 860 4.0 (note1) | typ. 5.5 
BLY87A | SOT48/2_ CW; class-B | 13.5 175 | 8 > 9g 
CW; class-B | 125 175 | 8 typ. 9 
BLY87C | SOT120 | CW; class-B 13.5 175 8 = 42 
, CW; class-B 2 ATS 8 typ. 11.5 
BLY88A | SOT48/2 | CW; class-B 113.5; 175 15 > 75 
| CW; class-B i220: 175 15 typ. 7.5 
BLY88C | SOT120 | CW; class-B 13.5) 175 | 15 > 8 
CW; class-B (125) 175 | 15 typ. 7.5 
BLY894 § SOT56 ; CW; class-B (13.5) 175 | 25 > 6 
BLY89C | SOT120 | CW; class-B 113.5 | 175 25 > 6 
| | | | typ. 6.6 
BLY90 | SOT55__| CW; class-B 12.5 | 175 50 > 5 
BLY91A | SOT48/2 | CW; class-B 28 | #175 «=| 8 2 AD 
BLY91C | SOT120 , CW; class-B 28 175 «| 8 = 42 
BLY92A | SOT48/2 | CW; class-B | 28 175 15 >. 40 
BLY92C | SOT120 | CW; class-B | 28 175 | 15 > 10 
BLY93A | SOT56 |! CW;class-B 28 175 25 > 9 
BLY93C | SOT120 | CW; class-B | 28 175 | 25 > 9 
BLY94. | SOT55_—_, CW; class-B 28 175 | 5 ae 
2N3375 = TO-60—; CW; class-B 28! 100 (75 > 88 | 
| CW. class-B 28 | +400 '>3 > 48 - 
2N3553_—| TO-39/1 , CW; class-B /28 | 175 | 25 > 10 
2N3632 TO-60 , CW; class-B 28 175 | > 13.5 > 59 
2N3866 =|: TO-39/1 | CW; class-B | 28 | 400 1 > 10 | 
2N3924 —-- TO-39/1 | CW: class-B i351 175 | 4 > 6 
2N3926 TO-60 | CW;class-B | 13.5 17 1 7 > 54 
2N3927 TO-60 | CW; class-B 13.5 | 175 12 > 48 
2N4427 TO-39/1 | CW; class-B 12 175 1 > 10 
Notes 




















IIPS .cyne-at ding < 60 GB. 
































3. PEP at dz <—40 cB. 








2: Po eyne dt diny 289-48, 4. PEP at d3 typ. —30 GB. 


a ae 


3, PEP at d3 < —40 dB. 

















4. PEP at d3 typ. —30 dB. 
5. Available on request as loose-leaf data. 

















type envelope | mode of operation Vps frequency | output power 
(MOSFETs) V MHz W 
i 
BLF145 SOT123 |SSB; class-A 28 1.6-28 8 (note 3) 
SSB; class-AB 28 1.6-28 30 (note 4) 
BLF 147 SOT121 ‘SSB: class-AB 28 1.6-28 150 (note 4) 
BLF175 SOT123 | SSB; class-A | 50 16-28 |8 (note 3) 
| | SSB; class-AB 50 1.6-28 | 30 (note 4) 
BLF177 SOT121 | SSB; class-AB 50 1.6-28 | 150 (note 4) 
CW; class-B 50 108 150 
BLF221 | T0-39/3 | CW; class-B 12.5 175 2 (note 5) 
BLF241 SOT5/11 | CW: class-AB 12.5 175. 2 
CW; class-B 28 175 3 
LF242 SOT123 | CW; class-AB 28 175 5 
| CW; class-B 28 400 5 
BLF244 | SOT123 | CW; class-B 28 175 15 
SSB; class-A 28 28 4 (note 3) 
CW; class-B 28 400 15 
BLF245 SOT123. | CW: class-B 28 175 30 
CW; class-B 28 400 30 
BLE246 SOT121. | CW: class-B 28 108 80 
CW; class-B | 28 28 80 
BLF278 | NO-298_ | CW: class-B 50 108 | 300 (note 5) 
| 
BLF368 NO-298 lin.ampl., class-AB | 32 225 300 (note 5) 
BLE378 NO-298 , lin.ampl., class-AB | 50 225 250 (note 5) 
BLF521 SOT172D | CW: class-B | 12.5 500 2 (note 5) 
BLF522 | SOT171 | CW;class-B vas 500 5 (note 5) 
BLF543. =| SOT171 | CW;class-B | 28 500 10 (note 5) 
BLF544 NO-297. | CW: class-B | 28 500 20. ~=(note 5) 
BLF545 NO-297 CW; class-B 28 500 AO (note 5) 
BLF547 NO-294 CW; class-B 28 500 100 (note 5) 
BLF548 NO-298 CW; class-B 28 500 150 =(note 5) 
Notes 








power gain 
dB 
> 24 
/ typ. 20 
ss AF 
> 24 
typ. 23 
2 620 
typ. 19 
> 46 
ee AD 
typ. 14 
= AS 
| 13 
i> 13 
typ. 24 
typ. 11 
mee 18 
typ. 10 
> 16 
| typ. 20 
ee - 320 
oe. “12 
— 13 
>. -40 
> 10 
> 12 
ae 
Loe 14 
2 10 
> 10 
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Note 


For a general explanation of the symbols referring to transmitting transistors, 
see Data Handbook Part SC4a. Some symbols and abbreviations appearing in 


this publication are as follows: 


B 

d3, a5 
eff’y 

TI52 

Op 

ICZS 

Lm.d. 

LF 

P; or Pg 

Po or PL 
Prefl 

Ovall eff’y 
Th 

VBor Vcc 
VCE 

Ndt 

Wpeak sync 


bandwidth 

two-tone i.m.d. 3rd and Sth order 

efficiency 

frequencies used in 2-tone i.m.d. measurement 
power gain 

collector current at zero signal 
intermodulation distortion 

total current from supply 

input or source power 

output or load power 

reflected power from amplifier under test 
overall efficiency 

heatsink temperature 

supply voltage 

collector-emitter voltage 

double-tone efficiency 

peak envelope power over sync pulses in a TV vision signal 
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INTRODUCTION 


In the communications field there is a continuing need for 
solid-state r.f. power amplifiers giving outputs up to 300 W 
P.E.P. Such amplifiers may form the final stages of low 
power mobile transmitters (e.g. fire, police, ambulance, 
amateur vehicle systems; marine ship-to-shore installations) 
or they may be used as driver stages in larger radio/TV 
broadcast transmitters. Our range of transmitting transis- 
tors includes devices suitable for all these applications, and 
it is the purpose of this publication to bring to general 


TELEVISION AMPLIFIERS 
BLY93A AS A LINEAR TV AMPLIFIER 


In TV transposers, where vision and sound signals are 
amplified together, the linearity requirements are so 


stringent that they can be met only with a Class-A amplifier. 


TV transmitters, on the other hand, amplify vision and 
sound signals separately and so have a lower linearity 
requirement; this can be met with a Class-AB amplifier thus 
obtaining higher output power and efficiency. Power 
amplifiers have been developed using the BLY93A for 
operation in Class-A at Band I frequencies (Fig.1), and in 
Class-A and -AB at Band III frequencies (Fig.2). 


Band I Amplifier 


The amplifier described’ ) and shown in Fig.1 is tuned to 
Channel £3 (54-61 MHz). The adjustment of the BLY93A 
is: 

VCE =28V ie= LA 


Some important properties are: 


Power gain 19 dB 
Bandwidth at -1 dB 15 MHz 
Input VSWR <9 | 


O 
Voias VcE 


(a) 






notice the circuit development work that has been done in 
our laboratories in this field. 

The survey is divided into three parts, i.e. TV applications, 
general VHF/UHF applications and S.S.B. applications. In 
each part, circuit diagrams and performance data for various 
amplifiers are given. Copies of any Application Report 
mentioned in this survey can be obtained by quoting the 
appropriate reference. Full information on the semiconduc- 
tors is available in the Data Handbook (Part SC4a). 


As a driver stage in TV transmitters the amplifier can deliver 
an output power of 12 Wpeak sync under the following 
conditions: 


sync compression 26/25 % 
differential gain 95 % 
differential phase 1° 


The amplifier can also be used in TV transposers. As a 
final stage, it can deliver 10 Wpeak sync at a 3-tone i.m.d. 
level of —52 dB or, for driver applications, this becomes 
4,5 Wheak sync at an i.m.d. of —60 dB. 


This report has two appendices: 


Appendix A — Correlation Between Two-tone and Three- 
tone Tests 
Appendix B — TV Systerm Characteristics and TV Trans- 


mitter and Transposer Requirements. 
The second appendix gives some information on: 


(a2) TV system characteristics as recommended by 
C.C.LR. 


(b) Transmitter and transposer systems in common use 


(c) Description and definition of transmitter and transposer 
requirements concerning: 
(i) | Frequency response 
(ii) Amplitude and phase non-linearity 
(iii) Intermodulation distortion. 


(0) output 





1268684 


(b) 


Fig.1. (a) Band I amplifier and (b) its Class-A bias circuit. 


Band II Amplifier 


The amplifier described”) and shown in Fig.2 can be tuned 
to any channel in Band III (174-230 MHz); it can be biased 
either in Class-A or in Class-AB. 


When biased in Class-A, the adjustment of the transistor is 


VCE = 28V ICG=1A. 


Amplifier properties are: 


Power gain 11,75 dB (tuned to channel £') 2) 
Bandwidth at—1dB 30 MHz 
Input VSWR <1,1 over 6 MHz. 


As a driver stage in TV transmitters, the amplifier can 
deliver an output power of 12 Wyeak sync under the 
following conditions: 


sync. compression 27/25°% 
differential gain 98 % 
differential phase <1° 


input 





(b) 





The amplifier can also be used in TV transposers. As a final 
stage it can deliver 8,25 Wyeak sync at a 3-tone i.m.d. level 

of 52 dB or, for driver applications, this becomes 4,75 Wpeak 
sync at an i.m.d. of -60 dB. 


When this amplifier is biased in Class-AB, the transistor 
adjustment is: 
VCE = 28 V ICZS ~ 40 mA. 


The amplifier properties in this case are: 


Power gain 9,25 dB (tuned to channel £2) 
Bandwidth at -1 dB 19 MHz 
Input VSWR <1,1 over 5 MHz. 


When used as a driver stage in TV transmitters, the amplifier 
can deliver an output power of 16 Wneak sync under the 
following conditions: 


sync compression 27/25 % 
differential gain 98 % 
differential phase ee 


BLY93A (O) output 


TZ68652 











Fig.2. (a) Band III amplifier; (b) class-A bias circuit and (c) class-AB bias circuit. 
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VHF/UHF APPLICATIONS 


FREQUENCY TRIPLER (157-470 MHz) USING BFR63° ) 
power of at least 400 mW, with a minimum gain of 6 dB 


This is a 12 V circuit suitable for use in mobile transmitters and efficiency better than 30 %. Source and load impedances 
in the 470 MHz band. The circuit (Fig.3) gives an output are both 50 Q. 

Z sed OS calms Cs 500 

T BFR63 (O) output 





7Z6B453 


ELECTRONIC ANTENNA SWITCHES FOR THE 160 MHz BAND USING BA182 DIODES‘) 


This is a wide-band untuned electronic antenna switch ditions; receiver isolation during transmission is approxima- 
covering the frequency range 132-174 MHz. The circuit tely 26 dB. 

includes two BA182 and one BAX13 diodes. The switching 

system is analogous to the use of T-R cells in radar systems. Two circuits are discussed, the first of which (Fig.4) is 

In this circuit, the \/4 line sections are replaced by the unbiased and therefore fully automatic. However, since this 
equivalent lumped circuits, anid the diodes take the place of can be used only with a constant carrier type of transmitter, 
the T-R cells. Though designed to handle power levels of it is not suitable for amplitude modulation systems. A 

12 W, tests have been made at double this power to ensure second circuit (Fig.5) is given which is suitable for AM 

safe operation at the lower power level. The insertion loss transmitters but needs more components and an external 

is approximately 0,5 dB in both transmit and receive con- voltage. 


330 nH 


}—o ceria! 


100pF] 100pF 


1OOpF 48.3nH 





7268468 ? 7268449 


730730-02-06 





Fig.4. Fig.5. 
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AMPLIFIERS FOR THE 470 MHz BAND 
Three-stage 15 W Power Amplifier? ) 


This amplifier (Fig.6) is suitable for mobile R/T transmitters with an aerial power of 15 W CW, tunable over the frequency 


range 430-470 MHz and operating from a 12 V supply. The three stages are: pre-driver BLX67, driver BLX68, final stage 
BLX69. The amplifier has the following characteristics: 


f= 470 MHz. Load and source impedance = 50 &2. 


VB(V) P; (mW) Po (W) Gain (dB) IT (A) O’all effy (%) B at -1 dB 

12,5 166 15 18,55 2,68 45 21 MHz 

13,8 106 15 21,5 2,41 45 15,5 MHz 
Vp=12,5V Py =15W 

f(MHz) P;(mW) ~~ Gain (dB) I7(A) Ovall eff’y (%) 

450 152 19,95 2,60 46 

460 160 19.72 2,65 45,5 

470 166 18,55 2,68 45 


500 


input F (y ey i 8 (yr D , 5) output 


O Vg= +12,5V 





$00 
output 


8,2 pF 8,2 pF | | 8,2 pF 8,2 pF | 
he ll nee et -,-1--1__. 7268459 


(b) 


Fig.6. (a) 15 W 470 MHz power amplifier and (b) low-pass aerial filter giving 75 dB 
attenuation of second harmonic. 
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A Single-stage 40 W Power Amplifier® ) 


The circuit of Fig.7 shows an amplifier for mobile R/T, with 
the somewhat high antenna power of 40 W from a 13,5 V 
supply, or 34 W from a 12,5 V supply. The amplifier uses 
two BLX69’s connected in parallel. No antenna filter is 





Fig.7, 





Typical performance at 470 MHz: 


VB(V) P; (W) Po (W) Prefl (W) 
13,5 L355 40 0,02 
| ete) 12,0 34 0,025 





included but, if desired, a filter such as that described in 
Reference 5 could be incorporated. Strip transmission lines 
are used at input and output. 


72768456 


— 


730523-05-01 


VSWR Gain(dB)  J7(A) Effy (%) 
1,06 4.72 4,3 69 
il 4.53 4,0 68 


This amplifier and the previous one (Ref. 5) are free of parasitic oscillations for an output VSWR 


up to 10, with variable phase (0-360°). 


Wa 


AMPLIFIERS FOR THE 160 MHz BAND 


Two-stage Power Amplifier for 100 W at 175 MHz Using 
2x BLY907) 


This amplifier uses a BLY90 in the driver stage and two 
parallel-connected BLY90’s in the final stage. The circuit 
(Fig.8) has been calculated according to the design theory 
given in AI531 “Solid-state Power Amplifiers for the 

160 MHz Band Using Emitter-grid Transistors”. * 


Typical performance at f= 175 MHz, Ty = 25°C 
Rg and Ry = 50 Q. 


P;=10W P;=15W 
VB (V) Po (W) Po (W) 
12,5 103 107 
13,0 108 120 
13,5 113 127 


Po measured 1 min after switch-on. 


Two-stage Wide-band Amplifier with 12 W min Output? ) 


This amplifier covers ‘the frequency band 132-174 MHz with 
a gain variation over the band smaller than 0,5 dB. The 
circuit (Fig.9) uses a BLY87 in the driver stage and a BLY88 
in the final stage. 


Main properties of the amplifier are: 


frequency range 132-174 MHz 
supply voltage 13,8 V 

output power 13,5 2°135-W 
input power 250 mW 
reflected drive power © <5 mW (<2 %) 
overall efficiency > 50% 


* Order code. 9399 224 53101. 
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The matching networks are composed of Chebychev low-pass 
sections. In this report, special attention is given to the 
alignment of the amplifier and the swept-frequency meas- 
uring equipment. Design information and circuit diagram 
are given for a constant-gain amplifier (used in the test 
set-up) for 1 mW input, 250 mW output and gain variation 
of less than 0,1 dB over the stated frequency band. 


THE BEHAVIOUR OF THE BLY91A AT LOW POWER 
LEVELS AND FREQUENCIES? ) 


In designing r.f. power amplifiers it is sometimes expedient 
to use a transistor that is larger than necessary for the 
application in hand. However, under certain conditions, 

this can lead to instability in one or more stages. This report 
discusses the measures required to suppress such parasitic 
oscillations and takes the BLY91A as a test case. Though 
capable of an output of 8 W, its performance at the follow- 
ing combinations of frequency and power are given: 


(i) 175MHz 2W 
(ii) 175MHz 1W 
(iii) 80MHz 2W 
(iv) 80MHz 1W 


yndyno 
uoSs 


3ndyno 


9970972 





GS7092¢ 


Adee 


4d 
oee 


UL fi 


gu 
O01 


4 


AB‘EL+ =8, O 
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SINGLE-SIDEBAND APPLICATIONS 


A 10 MHz 25 W P.E.P. LINEAR POWER AMPLIFIER 
USING BDY92 AT Vp = 20 V'®) 


An existing amplifier’! ) has been modified to produce a 
linear power amplifier for use in s.s.b. systems. The 
modification consists of the addition of a two-transistor 
bias circuit; Fig.10 shows the circuit of the complete 
amplifier. 





WIDE-BAND AMPLIFIERS 


All of the following linear power amplifiers cover the 
frequency range 1,6-28 MHz. The circuits include Class-A 
amplifiers for use as drivers, and Class-AB amplifiers for use 
as final stages. 


Single-stage- Driver Modules with BLY92A and BLX13 
Operating in Class-A**) 


This report describes two separate amplifiers both of which 
are intended for driver applications in s.s.b. transmitters. 
The first amplifier(Fig.11) uses a BLY92A and delivers 3 W 
P.E.P. at an i.m.d. of better than —40 dB; its gain is approx- 
imately 18 dB over the band, and the input VSWR is less 
than 1,3. The second amplifier (Fig.12) uses a BLX13 and 
delivers 8 W P.E.P. at an i.m.d. of better than —40 dB; its 
gain is approximately 17 dB over the band, and the input 


VSWR is < 1,5. Both amplifiers operate from a 28 V supply. 


10 


Typical performance at Vp = 20 V. 


Po (W PEP) 


20 
25 
30 


Fig.10. 





IT(A) 2-tone effy 


%o 
1,4 35,0 
1,6 3.2 
1,76 42,5 


500 


(0) output 


“8200 


1,5 pH 18kQ" 
[==] 





18N+560" 


2x820n * 








“two resistors in parallel 
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Fig.11. 


a3(dB) ds5 (dB) 
—31 —56 
—28 —56 
—24 —55 
65nH = 10nF 500 
(O) output 







=— 100 nF 





2x 180" 
[_}~o Va= +28 


7268450 


3x12kn 


+ 
500 22nF 820nH = 1x2,7kn* 10nF 
input (Oj [=] 












O Vg=+28V 





TZ68451 


* . & 
resistors connected in paraliel 


Fig.12. Single-stage driver module with BLX13. 


Single-stage P.A. with 2 x BLY89A for 25-30 W P.E.P. and 


Vp = 12,5-13,5 V!3) a computer-designed network for compensating the variation 
| of the gain and input impedance of the transistors. 


This amplifier (Fig.13) is intended for mobile or portable Other data for the amplifier: 


transmitters operating from a 12 V battery. Two BLY89A’s i.m.d. up to max. output <—30 dB 

are operated in Class-AB push-pull (the bias is obtained from overall 2-tone effy 2 38 % 

a low internal resistance temperature-controlled circuit with gain over the band 17,8 + 0,6 dB 
two BD135’s). A feature of this circuit is the inclusion of input VSWR al esa 


39nF 


1,5nF +1,2nF " 






BLY89A 





8,2nF 1 


(0) output 


input 


56 
pF 


* connected in parallel 


TZ68460 


100nF 


Fig.13. 
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Single-stage P.A. with 2 x BLX14 for 80-100 W P.E.P.'*) 
This report contains a very detailed account of the design of SUPDIY VOlABES-B 
a wide-band amplifier, including some remarks on linear 
operation. A theoretical amplifier is calculated and then a 
practical circuit (Fig.14) is given, with explanations where 
the practical circuit departs from the calculated design. This 
is an example of a computer-aided design. 


overall 2-tone effy 
gain over the band 
input VSWR 


Data for the amplifier: 


i.m.d. up to max. output 


28 V 

< —30 dB 

2 40 % 

16,8 + 0,7 dB 
<1,4 


The bias for the Class-AB operation is obtained from a circuit 


similar to that given in Reference 13. 








2x4,2nF * 
BLX14 
27nH ~ fy 
ce i 3,3.0 
100 nF Ca 
82pF 
330 pF i a 
input | 2a 
3x100nF * 
330 pF 
N 
82 pF 
100nF Z 
* connected in parallel (r" ) | 3,30 
ara BLX14 Ss 
2x1,2nF * 
| 
OV, 








l 
© 
BO135 i 2t eee 


100nNF Y 6,80 nF 


é Fig.14. 


3x 18nF * 






3x100nF * 
P I K 


output 





3x18nF * 


L8 


730523-05-04 





Single-stage power amplifier with 2 x BLX14. 
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Single-stage P.A. with 2 x 545BLY for 165 W P.E.P. and 


VB = 28 V!5) 


This amplifier (Fig.15) follows the general design principles 
as given in Reference 14. The new transistor 545BLY 
(development number) comprises two BLX14 transistor 


elements in a single encapsulation. 


500 10nF 


input 


100 
pF 


* connected in paraltel 











3x1,2nF * 
12,7nH 
17,6nH 
5 hal 
220. 
510 
pF 
510 pF i 
17,6nH 
12,7nH 
3x1,2nF * 
100nF 
Fig. 


Data for the amplifier: 
supply voltage Vp 


i.m.d. up to max. output 


overall 2-tone effy 
gain over the band 
input VSWR 


28V 
<—30 dB 

> 33 % 

12,9 + 0,6 dB 
71533 


_ The Class-AB bias is obtained from a temperature-compersa- 


ted unit using a BD433 and a BD233. 





3x 22nF* 
S4SBLY 
ey il 2x6,80* 
of 
82 pF 
3x100nF * 
S 500 
T2 T3 (O) output 
2x a7 
220nF* pF 
3x100nF * 
y { 
ae . 
mo 82pF 
4 
i 2x6,80* 
S45BLY 3x 22nF * 
O Ve 
7268462 
ee 


7305 23-05-03 





Single-stage power amplifier with 2 x 545BLY. 
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Single-stage P.A. with 2 x BLX15 for 300 W P.E.P. and 
Vp =50V?°) 


This report gives results of an amplifier (Fig.16) using two Data for the amplifier: 

BLX15 in Class-AB push-pull. As with the previous | im.d. up to max. output < —30 dB 
amplifier, this circuit is also designed in accordance with gain over the band 16,8 + 0,5 dB 
the procedure given in Reference 14. For this reason, the input VSWR Pane: 

report deals chiefly with the differences between this and 

the earlier circuits. 

















3xt1nF” 
3x1,2nF * 
BLX15 
13nH 
2180" ke) i 3x10" 
br 
82 pF 
il 3x100nF * che 
500 2x4,7 nF * r K 
input (0) i | 2 13 (0) output 
F 2x 
400 180p 22 | 
pF pF 
3x 100nF * 
A YH 
‘, 
¥ | FXC2 Soe 
3x100"* 
* connected in parallel a) | 
13nH BLX15 = 3x 11nF* 
3x1,2nF * 
FXC3 il I EXCh 
OV, 
7Z68463 
10nF 
Fig.16. 


730523-05-02 





Single-stage power amplifier with 2 x BLX15. 
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Single-stage Driver for the S.S.B. Tube YL1230 using 
2 x BLX13 in Class-A’°) 


This amplifier was developed for driving the s.s.b. tube 
YL1230 up to | kW P.E.P. over the frequency band 
1,6-28 MHz. The push-pull BLX13’s operate in Class-A 


from a 28 V supply. The circuit diagram (Fig.17) shows two 


alternative outputs, one with, and one without a low-pass 


network. When the amplifier is used as a driver stage for the 


YL1230, the low-pass filter is needed to adapt the input 
capacitance of the tube. Alternatively, the amplifier can be 


500 8,2nF 


input 


2x 
18pF* 


5,6nF 








used without the filter (i.e. with 50 Q output) as a driver 

for a 300 W P.E.P. transmitter.When used with the YL1230 
the required drive power for the BLX13’s is 142 mW P.E.P. 

+ 0,7 dB and the input VSWR is below 1,6. The input 
voltage for the tube has an i.m.d. < —45 dB. When used 

with the 50 22 output, the amplifier can deliver 14 W P.ELP. 
at an i.m.d. <—4]1 dB. In this case, the gain is 18,7 + 0,15 dB 
and the input VSWR is below 1,5. 


500 
output 


O Vg=+28V 


510nH 510 nH 


Wx1kN 
1x82kQ* 


7268456 
capacitance 7 
of YL1230 

(101 pF) 


Fig.17. 


730730-02-07 





Single-stage driver for a 300 W P.E.P. transmitter. 
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Quick Reference Data for Semiconductors Mentioned in the Survey 




















BLX13 
QUICK REFERENCE DATA 
operation class VCE fy f2 Pr Gp d3 Ic Ndt 
(V) (MHz) (MHz) (W) (dB) (dB) (A) (%) 
s.s.b. A 26 28,000 28,001 0-8 (PEP) > 18 < -40 typ. 1,2 — 
s.s.b. AB 28 28,000 28,001 25 (PEP) > 18 typ. —35 typ. 1,28 typ. 35 
operation Class Voc ca Ps Gp IC n Zi ¥, 
(V) (MHz) = (W) (dB) (A) (%) (Q) (mA/V) 
C.W. B 28 70 typ. 0,5 typ. 17 typ. 1,49 typ. 60 0,53-j1,4 42,5-j54 
BLX14 
QUICK REFERENCE DATA 
operation class Voc f Py G d3 ICZS 
(V) (MHz) (W) dB) (dB) (A) 
s.s.b. A 28 1,6 to 28 15 (PEP) eee typ. —40 2,0 
s.s.b. AB 28 1,6 to 28 7,5-50 (PEP) Za AB < -30 0,1 
C.W. B 28 70 50 ae Fe 
C.W. B 28 30 50 typ. 16 
BLX15 
QUICK REFERENCE DATA 
operation class Voc f Pr Gp d3 ICZS 
(V) (MHz) (W) (dB) (dB) (A) 
s.s.b. AB 50 1,6 to 28 20to 150 (PEP) > 14 <—30 0,10 
s.s.b. A 40 1,6 to 28 typ. 30(PEP) > 14 <-40 25 
C.W. B 50 70 150 > 10 — — 
C.W. B 50 108 150 typ. 7,5 — — 
BLX67 
QUICK REFERENCE DATA 
R.F. performance up to Ty = 25 °C in an unneutralized common-emitter class B circuit 
mode of Voc f Ps Pr Ic Gp - Heo 2; Yr 
operation (V) (MHz) (W) (W) (A) (dB) (%) (2) (mA/V) 
C.W. 13,8 470 typ. 0,15 1,5 typ. 0,17 typ. 10 typ. 65 - 
C.W. 13,8 470 typ. 0,35 3,0 typ. 0,28 typ. 9,3 typ. 79 3,0+j5,0 27-j38 
C.w. 12,5 470 = 0,35 235 < 0,31 SF 8 > 65 — _ 
C.W. 12;5 175 typ. 0,03 3,0 typ. 0,29 typ. 20 typ. 84 2,4-—j3,8 35—-j40 


Zi 


lie; 


BLX68 


QUICK REFERENCE DATA 


R.F. performance up to Ty = 25 °C in an unneutralised common-emitter class B circuit. 





mode of Vcc f Ps Pr Ic Gp n 2j ¥ 
operation (V) (MHz) (W) (W) (A) (dB) (%) (2) (mA/V) 
C.W. 13,8 470 =< 230 7,0 < 0,78 > 5,4 > 65 - 7 
C.W. 13,8 470 typ. 2,0 7,8 typ. 0,81 typ. 5,9 typ. 70 2;3+j6,3 50—j36 
C.W. 12,5 470 <. 22 7,0 < 0,86 or 550 Pe 65 — = 
C.W. °12,5 175 typ. 0,4 Tye typ. 0,87 typ. 12,6 typ. 66 3,0+j0,5 90—j40 
BLX69 
QUICK REFERENCE DATA 
R.F. performance up to Typ = 25 °C in an unneutralised-common-emitter class B circuit. 
mode of VCC f Ps Py IC Gp n Zi YL 
operation (V) (MHz)  (W) (W) (A) (dB) (%) (2) (mA/V) 
C.W. 13,5 470 <8 20 <— 2,28 >4 >65 1,1+j4,9 190—j45 
C.W. 12,5 470 <6,8 i, < 2,09 >4 265 
BLY87A 
QUICK REFERENCE DATA a 
R.F. performance up to Typ = 25 °Cin an unneutralised common-emitter class B circuit. 
mode of VCC ‘f Ps PL Ic Gp n Zi YL 
operation (V) (MHz) (W) (W) (A) (dB) (%) (Q) (mA/V) 
c.W. 13,5 175 < 1,0 8 < 0,85 > 9 a 10 2.754+41,5 74-j18 
C.W. 12,5 175 typ. 1,0 8 typ. 0,91 typ. 9 typ. 70 
BLY88A 
QUICK REFERENCE DATA 
R.F. performance up to Typ = 25 °C in an unneutralised common-emitter class B circuit. 
mode of Vcc f Ps Pr, Ic Gp n Zi YL 
operation (V) (MHz) (W) (W) (A) (dB) (%) (2) (mA/V) 
c.W. 13,5 175 < 2,65 15 < al mee ee BS 2:3 ti 2s0 120-—j7,8 
C.W. 12,5 175 typ. 2,65 15 typ. 1,86 typ. 7,5 typ. 65 
18 
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BLY89A 
QUICK REFERENCE DATA 


R.F. performance up to Typ = 25 °C in an unneutralised common-emitter class A circuit. 


mode of Voc f PS Py Ic Gp 
operation (V) (MHz) (W) (W) (A) (dB) 
C.W. 13.5 175 <6,25 29 < 2,64 > 6 
BLY90 


QUICK REFERENCE DATA 


R.F. performance up to Ty = 25 °C in an unneutralised common-emitter class B circuit. 





mode of VCC i ES Pr I¢ Gp 
operation (V) (MHz) (W) (W) (A) (dB) 
C.W. 125 1S <15,8 50 5,33 > 5,0 
BLYIIA 


QUICK REFERENCE DATA 
R.F. performance up to Typ = 25 °C in an unneutralised common-emitter class B circuit. 


mode of VCC f Ps Pr Ic G 





Dp 
operation (V) (MHz) (W) (W) (A) (dB) 
CaN: 28 175 <0,50 8 <0,44 712 
BLY92 


QUICK REFERENCE DATA 
R.F. performance up to Typ = 25 °C in an unneutralised common-emitter class B circuit. 


mode of VCC f Ps EL IC Gp 


operation (Vv) (MHz) (W) (W) (A) (dB) 
C.w. 28 175 <—45 15 < 0,83 > 10 
BLY93A 


QUICK REFERENCE DATA 


R.F. performance up to 77,4 = 25 °C in an unneutralised common-emitter class B circuit. 


mode of VCC ie Ps Py Ic G 
operation (V) (MHz) (W) (W) (A) (dB) 
C.W. 28 175 <3,1 25 S155 >9 


29 


(%) 


> 70 


(7) 
Pas 


n 
(7%) 
> 65 


n 
(7%) 
265 


N 


(%) 
> 60 


if ea 
(2) (mA/V) 


1,7+j1,4 209+413,7 


Zi YL 
(Q) (mA/V) 


1,3+j1,6 270+j160 


zi 
(2) (mA/V) 


1,8+j1,0  17-j20 


Zi Ve 
(Q) (mA/V) 


1,4+j2,15 32-j28 


Zi Yr 
() (mA/V) 


1,0+j1,2 D1 ,b—jo2,! 
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BFR63 
BFR64 


Collector-base voltage (open emitter; peak value) VCBOM 
Collector-emitter voltage (open base) VCEO 
Collector current (peak value) ICM 
Total power dissipation up to Tj, = 60 °C; f= 1 MHz Prot 
Junction temperature Tj 
Transition frequency at f= 500 MHz 
I¢= 75 mA; Voz = 20 V {Tv = 
Output power at f= 200 MHz 
I¢= 70 mA; Vor = 20 V; diy = —30 dB Po typ. 
Power gain at f= 200 MHz 
I¢=70mA; Vcore = 20 V Gp typ. 
BDY90 to 92 
QUICK REFERENCE DATA 
Collector-base voltage (open emitter) VCBO max. 
Collector-emitter voltage (open base) VCEO max. 
Collector current (peak value) ICM max. 
Total power dissipation up to Ty, = 75 =e Prot max. 
Collector-emitter saturation voltage 
Ic=10 A;Ip=1lA VCE sat < 
Fall time 
Ic¢= 5,0 A; lp = —Ipy=0,5 A 
Voc=30V tf < 
Transition frequency at f= 5 MHz 
I¢=0,5 A; Vop=5V fT typ. 
S4SBLY 
QUICK REFERENCE DATA 
mode of class VCC f PL Gp d3 
operation (V) (MHz) (W) (dB) (dB) 
s.s.b. AB 28 1,6-28 10-85 > 13 —30 
(PEP) 
C.w. B 28 70 85 8 
20 


QUICK REFERENCE DATA 
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max. 40 
max. 25 
max. 500 
max. 3,5 
max. 150 
BFR63 BFR64 
1000 1200 
150 150 
16 16 
BDY90 BDY91 
120 100 
100 80 
15 15 
40 40 
ie) 1,5 
02 °° °&0,2 
70 70 
ICZS 
(A) 
0,2 


mA 


° 


MHz 


mW 


dB 


BDY92 


80 
60 
15 
40 


1,0 


0,2 


70 


=> << 


< 


us 


MHz 


SURVEY OF EARLIER ISSUES 


Since 1964 the following publications have been issued in this series: 


*510 
*511 
*512 
*513 
*514 
*515 
*516 
#517 
*518 
*519 
*520 
*521 
*522 

523 

$24 

525 

526 


July 1964 

June 1964 

July 1964 
October 1964 
September 1964 
June 1964 

July 1964 
October 1964 
September 1965 
September 1965 
June 1966 

June 1966 
September 1966 
May 1967 
March 1968 
August 1968 
July 1968 


November 1968 
January 1969 
January 1969 
June 1970 
December 1970 
June 1971 
November 1971 


Two selective calling systems for mobile radio communication service 

Mobile transceivers for the 80 Mc/s and 160 Mc/s bands 

Portable transceivers for the 80 Mc/s and 160 Mc/s bands 

Mobile and portable transceivers for the 470 Mc/s band 

Mobile and portable transceivers for the 27 Mc/s band (Citizens Band) 

Frequency multipliers with varactor diodes —theory and applications of the BAY66 
A transistor if. amplifier for microwave link equipment 

Investigations on a transistor aerial amplifier for TV Band III 

A 600 mW, 165 Mc/s portable transmitter equipped with silicon planar transistors 
Frequency. doubler circuit, 500 Mc/s-1000 Mc/s 

Mobile transmitters with the quick-heating tube YL1190° 

Flash-heating in mobile transmitters for the 160 and 470 MHz bands 

Radar system using spin-tuned magnetrons 

A 165 MHz mobile transceiver (receiver part) using silicon transistors 

R.F. power amplifiers 

Transistor equipped aerial amplifiers 


All solid state mobile transceivers for the 160 MHz band using silicon-planar epitaxial 
overlay transistors 


TAB101 integrated four-transistor modulator 

A camera tube amplifier with FET input 

Principle and applications of junction circulators 

Design of h.f. wideband power transformers 

Solid state power amplifiers for the 160 MHz band using emitter-grid transistors 
Data transmission system using 30-series high noise immunity logic modules 

A 50 W d.c./d.c. converter with stabilized output voltage 


* Out of stock; dye-line prints available on request. 
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ABSTRACT 
The VHF power transistors BFQ43 and BLW31 have been designed for the 
application in VHF communications equipment operating from an averace 
voltage of 13.5V. The driver BFQ43 in T039 envelope has the emitter 
internally connected to the case, whilst the final transistor BLW31 has 








a ceramic envelope with 3/8 inch stud. 





Five equal semi-wide band modules have been built with the BFQ43, BLW31 
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combination. They are tuneable between 146 and 174 MHz and deliver av 






least 28W output power for less than 250mW input. The amplifiers are 
Stable for an output VSWR of 5 (0-360°) for the range from zero to 
nominal output power of 28W by varying the drive power at a supply 
voltage of 13.5V. 
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2¢ +p S=//mm 
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Strip 






22.6 S=15mm 
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Lay . 
22 $/6g 392 ea T 1 4, | I i 5/bopF 
, ; 82pF 82pF i " pe 8.2pF 8.20F 
1osr bead 


Tne figure shows the basic circuit of the prototype with both 
Stages operating in class B. For the calculation of the matching 
networks the complex input- and load impedances of the transistors 
have been calculated with the aid of a computer progranme 

(Co4.B. reports ECO 71i2 ang J1isy. 

The average values are: 

BFQ43: R. = 3,12; X. = -1,802; Ry = Cl OSes C. = -25,6pF 
BLW31: R. = O,G94SL, X, = +1,319,; RE = 2,842; Cy 20 ,60F 


To reduce the costs and to simplify the lining-up the number of 


- The Netherlands 


it 


tuning elements nas been reduced as much as nossible. Furthermore 
the circuit contains a number of components to guarantee stability 


under riismatch conditions. 
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The amplifier is printed on a double sided copner clad enoxy 
glass-fibre board that is housed in a tinned box. A small intermediate 
heatsink is applied that has to be screwed to an external one. 

Some typical results are: n6 = 26h; Vp = Loo Vs) 


r (MHz) P.(mW) P(t!) 1,(A) ef F(%) gain (dB) 


See Se ee eee 














146 225 0 3.69 58 29.95 

153 206 C 4.00 52 Pee 

2 160 190 0 3.95 53 21.68 

Zs 167 185 0 4.95 51 21.80 
Loo 

oof 174 195 26 4.30 48 57 

ge 

®6e 
Ww oes 
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ims Introduction 
The BFQ43 (dev. nr. 672BLY) and BLW31 (dev. nr. 673BLY) 
are VHF power transistors designed for the application in 
fixed or mobile communications equipment where they operate 


from an average voltage of 13.5V. 


The devices have high power gain what contributes to simplifi- 
cation of the construction of the r.f. power part of this 


equipment. 


The BLW31 is encapsulated in a ceramic envelope with 3/8 inch 
stud (NO 181/A2) whilst the BFQ43 has its crystal mounted 

in a SOT 5/11 (7039) envelope on a beryllia chip with the 
emitter internally connected to the case. So, it is possible 
to solder the case to the printed wiring board. 


This report gives an application of both devices in a 

class B amplifier, operating from a supply voltage of 13.5V. 
The amplifier is tuneable and covers all channels between 
146 and 174 MHz. The output power amounts to 28W for less 
than 250mW input power. 


For an output VSWR of 5 (0-360°) the amplifier is stable 
for the range from zero to nominal output power of 28W by 
varying the drive power. The supply voltage is 13.5V. 


2. Circuit description 
Fig. 1 shows the basic circuit of the prototype. 
It is a two stage amplifier with both stages operating in 


class B. 
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To reduce the costs of the amplifier and to simplify the 
lining up it has been attempted to reduce the number of 


PHILIPS 


tuning elements as much as possible. 


2.1. The output network of the BLW31 
Starting originally from the more complex Chebishev 
low-pass impedance transforming network between the collector 
of the BLW31 to the 508 load, with only one tuning element, 
it appeared that it was rather difficult to obtain a stable 


amplifier for load mismatch. 


So, ultimately, we have chosen for the conventional method 


with two tuning elements. 


- The Netherlands 


For calculation of these networks the value of the Re and 
Cc has to be known. They have been calculated for Po Te W 
and Vis = 13.5V at a number of spot frequencies. 
Moreover the complex input impedance and gain are shown 
Chor L, = 0,4 nH) in the following list. 

parallel series 
f (MHz) Ri (2) C) (pF) R (2) X.(s) gain (dB) 


cre een eee 
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146 22/0 129 0.95 1.08 1a. 70 
153 2281 15.9 0.94 120 11.34 
160 2.84 20.8 0.94 13 10.98 
167 2.88 25u9 0.94 1.43 10.64 
174 eee 200 0.938 1.54 10.233 
av. 2.84 20.6 0.94 Ae A gain = 1.37 dB 





A valuable aid in calculating these values was the computer 
program as described in C.A.B. reports ECO 7112 (ref. 1) 


oa and ECO 7118 (ref. 2) or in Electronic Applications 
ges (refs. 3 and 4). 
Lee 
Des 
aoe 
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From the table it may be concluded that for the high power 
device BLW31 the impedance transformation factor to 50S 





is rather high. 


PHILIPS 














r.f. current to ground by fixed capacitors (C13 14) before 
variable matching is applied. It corresponds to an 
impedance transformation in two steps and improves the overall 


gain and efficiency. 


Fig. 2a, b show the applied circuit configuration. 


ls Lo C45 
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Le serves as an r.f. choke for the supply of the direct 
voltage to the collector. The impedance of this choke is 
about 5 to 7 times that of the collector load impedance. 


Together with the r.f. bypass capacitor C4 (180pF} and the 
series connection of Ry (typically 10.2) and C50 
(typically 100nF) it forms a broadband collector impedance 





A method to solve the problem is to return a part of the 
; 







2G 
2 ® © network (Fig. 1) that contributes to the stability when the 
re) os 
=o” external load is mismatched. 
ee ©, 
— OC 
WU O @ 
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The supply choke F gives a better definition of the 

minimum impedance of the supply source, what is specially 
important to suppress instability when the units are operated 
from certain types of electronically stabilized power supplies 


Because the often applied ferroxcube chokes of the VK200 
type (4312 020 36640) are somewhat bulky in this compact 
amplifier, smaller ones (4312 020 15171) are used. 

They have been realized with 3 turns of 0.6 mm CuEm. wire. 


In Fig. 2 the collector series inductance (internally and 


externally) is incorporated in L.- 


The capacitor Cio was added during the experiments. 

t decreases the collector peak voltage to a value below 
the point where avalanching may occur and so improves the 
Stability. The value is 33pF. 


As Fig. 2b shows, the capacitors have series inductance which | 
may not be néglected in circuit design for the VHF range. 
In case of tuning capacitors (here 60 pF) we have calculated 






with 5nH and for fixed capacitors with 8nH per component. 


To get an idea of the requirements of the set-up of the 
interstage network the calculated performance of the driver- 







stage is shown in the following list: 
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ae = 4, Vi = 13 2 9V4 Roe = 39 £2 


parallel series 
f (MHz ) R (2) C, (pF) R.(2) X.(9.) gain (dB) 


ey 
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146 22.12 -28.5 3.17 -2.50 14.95 
153 22.01. --27.0 3.13 »=-2.13 +=14.60 
160: ‘21,76 =2526. 3:12: 21,78. “1425 
16? 21273 -~=24G 309-1. 2131-93 
174 21.59 -23.3 3.08 + -1.14 13.60 
av. 21.84 -25.8 3.12  -1.80 again = 1.35 dB 


Ihe interstage network has to match the parallel connection 
of average 21.845 and 25.8pF to the average input impedance 
(0,94 + j 1,312) of the BLW31. 


It had to be realized with a minimum number of tuning 
elements. 
After some experiments the configuration of Fig. 3 was applied. 


+j2N 





abt, 252 Sawer = Sean as 


NV. Philips’ Gloedampenfabrieken - Eindhoven - The Netherlands 


part, nor disclosed to thitd parties without the written consent of: 
Product Division Eleclrome Components and Materials 


The contents of this repofl are not to be reproduced, in whole or in 


The circuit is an equivalent for the solution of a 
corresponding problem in the VHF modules (BGY32, 33, 35 and 
36)3: Fig. 3--shows: the practical circuit. 
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8LW3/ 





Vp 
The function of the elements is: 


Ly is the r.f. choke for the direct voltage supply to the 
collector of the driver stage. 

According to Fig. 3 the value of Lo plays a role in the 
configuration, so the rule that the value has to be 5-7 


The Netherlands 


times the collector load impedance is not valid in this 


Case. 


Ch and R., in series with C5 have equal values as Cj15 Ra 
and Cio becayse their function is the same. 


Me 


The reactance of Ce is average -j10 2 , what in practice 
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means a trimmer of 60pF. 
From the components list it can be seen that L. is a U shaped 
inductance, whilst Ce and Cy in parallel are connected to 


the tap on the inductance Ls, Ly. 


It must be noted that the leads of Co and Cy (82pF) have to 
be very short. The tapping point is critical, what means 
that it is possible to influence the frequency response and 
matching strongly when this point is shifted. 

To prevent positive feedback the earth current of C3 9 


” 

2S 
of5 and the filter capacitor C,. 4, have been led to different 
cct ? 
= SE emitter leads of the final transistor. 
eee 
— OC 
LW O © 
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The impedance of the combination Les Ry and Fo does not 
really influence the circuit. It consists of a carefully 


PHILIPS 


chosen combination that prevents parasitic oscillations under 
severe mismatch conditions. The ferrite bead choke Fo 
across Ry is added because it is not advisable that the 


base current causes the transistor to operate in class C. 


This network gives a better suppression of parasitics than 


a single ferroxcube choke. 


The capacitor Cy has the same function as Ci in the final 


Stage. 


The Netherlands 


From the table mentionina the impedances one can see the 
complex input impedance of the BFQ43 over the range 

of 146-174 MHz, which has to be matched to 502 by the 
input circuit. The ohmic part is rather constant, but the 


« Eindhoven 
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imaginary part x. varies more than a factor 2. This means 
that at least one variable element in the input section is 


needed. 
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The calculation of the component values goes in a conventional 


way when one starts from the mentioned average values. 


Fig. 5 shows the actual L type circuit. 
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A base return resistor Ry = 39 $2 forms a good compromise 





between constancy of power gain and input impedance between 
146 and 174 MHz. Application of a single resistor contributes 
to the stability of this stage when the final or (and) 
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the input are mismatched. 






C4 is the variable capacitor of 60pF. The blocking 
capacitor C, is 180pF. This value has been chosen because 






it shows series resonance around 160 MHz. 
If one wants to apply another style of capacitor it is 
advisable to chose the value (the leads short-circuited) 


with the aid of, for example, a grid-dip meter. 
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Of course, the same yields for the decoupling capacitors 


Cy and Cia: 
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Constructional details 
A suitable printed-wiring board design is given in Fig. 6 


whilst the components lay-out is drawn in Fig. 7a. 


oops 








It has been attemped to miniaturize this design somewhat 


to make it suitable for practical mobile equipment. 
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The board is of 1.5 mm (1/16 in) double sided copper-clad 
epoxy glass-fibre with copper thickness of appr. 35 )U. 
soldered rivets (2 mm) are inserted to make ground 
connections between the upper and lower sides of the board. 









As Fig. 7b shows a small intermediate aluminium heatsink 






has been applied. This one is too small to handle the 
power dissipation. So it has to be screwed to a suitable 






“” 
ofS one that can dissipate at least power levels between 20 and 
CC % 
= SE 25W under non-mismatched conditions. 
eS, 
— OC 
UO 
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In the laboratory set-up it was screwed to a water-cooling 


GAT ts, 
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The p.c. board is housed in a tinned box being soldered 





to the lower copper sheet. 
It is permitted to solder the case of the BFQ43 directly 
to the lower sheet, whilst the heatsink is pressed 








against the cap. For a good heat-transfer some silicone 






heatsink compound (Dow Corning 340) is used. 










For the stud type BLW31 a square hole has been choosen 
instead of a round one. The advantage is that the direct 






contact from upper to lower sheet under the emitter leads 
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can be made with wide copper strip instead of hollow rivets. 

















Fig. 8 shows the construction drawing of the intermediate 
heatsink. 


4. Mismatch tests and spurious generation 
It will be clear that one of the most important requirements 
is that the amplifier remains stable and survives without 
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damage or degradation of the active devices when mismatch 


at the output is applied. 


The stability tests have been done according to the 


following specifications: 


- measuring frequencies: 146, 153, 160, 167 and 174 MHz 
- supply voltage Vy = 13.5V 

- output power Po = 28ii 

- drive level 0 - 250 mW over 502 

- VSWR (output) 1:5 (0-360°) 

- heatsink temperature appr. 20: 


Central application laboratory CAB Eindhoven - The Netherlands 


Information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


components 
and materials 





METER | 
PHILIPS 
~ 


43 


8222 031 75361 


Report No.: FCO 7701 Page R10 





Realization of stability under mentioned conditions was 


not so easy. 


PHILIPS 


The greater part of the development time was spent on this 
Subject and several tests have been done. 
So, it is advisable to follow the circuit diagram and well- 


considered components lay-out as close as possible. 


Tests have been made with the set-up of Fig. 9, in which 
the spectrum analyzer HP 8558 B appeared to be an indispen- 
| Sable instrument. To be sure of 50S% source impedance 
a 3dB attenuator pad was inserted in the chain of the 
Signal generator type SMLU (Rhode and Schwarz). 


Input power and VSWR where measured with the NAU. 


- The Netherlands 


Fig. 10 shows the composition of the VSWR = 5 unit and 


- Eindhoven 


Fig. ll the diagram of the reactance unit. 


Resuming, it can be said that a reasonable stability has 


been reached under normally tuned conditions. 
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For demonstretion purposes totally 5 amplifiers have been 
constructed. They are numbered 1, 2, 3, 5 and 6. 

The interstage and output network are tuned for maximum 
output power and the input section for minimum reflection. 


The results are: 


Electronic 
components 
and materials 





s Central application laboratory CAB Eindhoven - The Netherlands 


_ Information presented in this report is based on pilot studies in our laboratories. {t is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 





44 


PHILIPS 


&222 US1 /D30) 
NV. Philips’ Gloelampenfabrieken - Eindhoven - The Netherlands 


part, nor disclosed to thifd parties without the written consent of 
Product Division Eleclrofic Components and Materiais 


The contents of this repoft are not to be reproduced, in whole or in 


Electronic 
components 
and materials 


Report No.: ECO 7701 


Ava dd. oPO-e. 2OWs Veo 13.55 


f (MHz ) P - (rab) P (mil ) 1, (A) 
146 245 0 3290 
153 225 0 3.90 
160 210 0 3:90 
167 190 0 4.35 


174 195 30 4.15 


Ava 2 Po = 28W; Ve = 13 OV 


gain (dB) 


£03.90 
20.70 
2225 
21.68 
AB oY 


f(MHz) P, (mW) P (mW) 1,(A) eff(%) gain (dB) 








r 
146 225 0 3.60 
159 200 0 4.00 
160 190 0 3495 
167 185 0 4.05 


174 Lo5 20 4.30 


nr: 3 Po = 28\W; Ve = 3 0OV 


ee ee 


146 210 0 3399 
Loe 195 0 4290 
160 Lis 0 Su 
167 150 0 3.70 
174 170 0 4.20 


nes o> PO = Zone Vay = 13. 5¥ 


f(MHZ) P.(mW) P (mW) I, (A) 








j r 
146 230 0) 4.10 
153 200 0 4.10 
160 170 0 5.90 
167 145 0 4.00 
174 200 10 - 4.25 
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ee ee 


58 
92 
De 
ail 


eff (i:) 











20.95 
21.46 
21.06 
21.80 
21.0) 


gain (dB) 


£0..89 
21.46 
ra ae Gs 
22.86 
21.46 
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gain (dB) 
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21,35 
ae | 
160 22.04 
167 170 aa 
174 170 yaaa | 


All units are stable for load mismatches up to a VSWR of 
5 (any phase) for each input drive up to an output power 


of 23W. 


The collector current of the BFQ43 amounts to 300 - 400 mA. 


The Netherlands 
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Parcs: FiSt- (Prides, te va} 
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C1 2Cg 5014 = J OUDF 4 SOOV doc) 2222 655 03181 
Co = 22pF + 25, SOQV d.c. 2222 650 10223 
C2506 Cyc slig = 5/60 pF, film dielectric trimmer 
| 2222 809 08003 

Ce 30135014 = 8.2pF + 0.25pF, 500V d.c. 2222 650 09828 
C1Ci5 = 100nF polyester + 10% 2222 342 45104 
CoC = 62pF + 2%, SOOV d.c. 2222 650 58829 
Cio = 33pF + 2%,°500V d.c. 2222 650 10339 
Ry = 398 , carbon + 55, CR25 style 2322. 101. 33399 
Ro oRa Ry = 10S, carbon +5", -CR25. style 2322 101 33109 
Fy oF oF. = ferroxcube bead a3 ih3. 020" 15371 

with 3 turns of 0.5 or 0.6 mm 

CuEm. wire. 
Ly = 2 Sarasa De = 4.0mm, d = 1,1 mm CuEm. wire, 


spacing = wire diameter, leads 2 x 4 mm. 


Kee ANS. D. - 4.0mm, d = 1.1mm CuEm. wire, 
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2 HE. 
closely wound, leads 2 x 4 mn. 4mm 
i ———— 
| | o | 
L, = U-shaped copper strap, width 6 mm. ¥, | smn 
thickness 0.1 mn. 55 
hm 


émm 
printed (see p.c. board) 


L- = 7 turns, D = 4.0 mm, d = 0.6 mm CuEm. wire, closely 


5 At 
wound,leads 2 x 4 mn. 


1.5 mm CuEm. wire, 






La = 2 Earns: Dia = 5.0 mm, 


closely wound, leads 2 x 4 mr. 
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Ly = 2 turns, Dine = 6.0 nity dos tb CuEn wire, spacing 
appr. 0.5 mm, leads 2 xX 5m. 

19 = BFQ43 9334 120 9OXXX 

To = BLW31 9334 120 20XXX 
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ABSTRACT 
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Sion | 


In this report design information 1s given for transformers 
with a power handling capability up to 300W in the frequency 
range of 30-80MHz. 


<—s 


The most suitable core material is ferrite type 4C6. 


The efficiency of these transformers is typically 98%. 








A.H. Hilbers 
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In this frequency range only transmission line transformers can 


be used. For the windings coaxial cables with P.T.F.E. isolation 
are reconimended. 


The size of the core is based on a 1% power loss and a dissipation 
of 350nW/ cm? corresponding with a flux density of 6 Gauss at 
SOMHz. 


The required number of turns is determined by the ratio 
RO/L = 8602/.H in which Ro 1s the loss resistance and L the 
inductance in parallel with the input or output terminals. 


In the appendix the relation between the above mentioned 


The Netherlands 


quantities is derived. 


In the report a practical example is given of a symmetrical 1:4 


- Eindhoven 


impedance transformer with a power handling capability of 120W. 
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Introduction 


In Ref. 1 information was given on the design of power 
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transformers mainly intended for the frequency range of 1.6-28MHz. 






In this report some additional information will be presented 






for the frequency range of 30-80MHz. 










Choice of core material 
The best available ferrite for this frequency range is 4Cé. 





In this material a series of toroids can be obtained in different 





sizes according to the table below. 





2) A/| (mm) V (mm? ) 





D (mm) d (mm) h (mm) : A (mm 








i i nt re ee 








! 
36 23 15 Or 1.06 8500 
23 14 7 | 31.5 0.552 1790 
14 9 5 1 12.5 0.351 445 


9 6 3 | 4.51 2193 105 
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Table | 






In this table: 
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D = outside diameter 

d = inside diameter 

h = height 

A = cross-section 

1 = average length of the lines of force 
V 


= volume 
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3. Power handling capability 
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An important question in the design of a power transformer is how 
much R.F. power can be handled by a given toroid. Restricting 
ourselves to the core losses at this moment it can be said that 
these losses are highest at the maximum frequency of operation 
1.e. 80MHz. 


From practical experience we have found that a core dissipation 
of 350mW/cm> can be allowed without excessive rise of the core 

temperature. As it is a realistic target to keep the core iosses 
below 1 of the power handled by the transformer we come to the 





a: following recommendations for the power handling of the different 
ge toroids (see table II). 

gee 3 

SEL y Dx dx h (nm) Poe (W) 
38% RF 
gece ee 

2? § 36.5% 23 2 15 300 
ite 23x 14x 7 60 
size 

BERS 14x 9x § 15 
ae 

ERs" OFS 56 HS 3 
pee 

5°86 

S2Es Table Ij 

2328 

tw AZo 


The core dissipation of 350nW/cm> mentioned above corresponds 
with a flux density of 6 Gauss at 80MHzZ as can be found on 

page A43 of part 4a of the Philips Data Handbook: Components and 
Materials, dated October 1976. 
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Determination of the number of turns 

In the frequency range of 30-80MHz the number of turns is 
entirely determined by the loss resistance in parallel with the 
input or output terminals of the transformer being caused by 

the core losses. According to the Appendix the core loss figures 


given in the previous section can be expressed in another way, 


Vie 
232 

Be Bae 

L ate PE 
in which: 
R, = loss resistance in parallel with input or output terminals 
L = inductance in parallel with input or output terminals 
Bdge maximum flux density 
ey = relative permeability being typ. 120 for 4C6 material 
V = vclume of transformer core 
Pr = power loss in core 


Using the figures given in section 3 we get: 


R 
ae i 
= 8602/uH at f = 80MHz. 


This ratio is hardly dependent on the flux density and therefore 
it is very useful for defining the number of turns as will be 


shown by a practical example in section 6. 


Applying the above mentioned criterion ensures a sufficiently 

high reactance in parallel with the input or output terminals 

at the lowest frequency of operation. So this reactance caused 
by the inductance of the winding needs no compensation. 
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Winding losses 
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In this frequency range conventional transformers can not be 

used because of their stray-inductance. The only suitable type 
is the transmission line transformer. For the windings we can 
choose a.o.: 
















- twisted enamelled copper wire 

- miniature twin lead 

- coaxial cable with P.T.F.E. isolation, available in several 
diameters and characteristic resistances. 

The first and second are not recommended for high power operation. 

The third type is e.g. available in 50 ohms version with diameters 

of 1.7 and 2.8mm. Some important properties of these cables at 


The Netherlands 


Product Division Electronic Components and Materials 


SOMHZ are given in the table below. 


Outside diameter 


- Eindhoven - 





0.40 
power handling capability 100 


power loss 











Table II] 
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At lower frequencies the power loss is less and the power 
handling capability higher. 









Practical example 
Suppose that in a 100W transmitter the output transistors are 
connected in push-pull. The optimum load impedance between the 
collectors is 12.5 ohms and this must be transformed to 50 ohms. 
Then we need a symmetrical 1:4 impedance transformer plus a balun. 
The first one will be worked out in detail. A schematic diagram 


is given in fig. 1. 
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Fig. 1 


From table II we see that this transformer can be made with one 


360mm toroid but also with two 23mm toroids, in which case the 


The Netherlands 


power handling capability is still 120W. The latter solution is 


more attractive because it is smaller. 


- Eindhoven - 


The optimum characteristic impedance for each winding is 25 ohms 
which can be realized by the parallel connection of two 50 ohms 
cables of 1.7mm diameter. As the power is transported through 

4 cables, each cable is loaded with 25W being a quarter of the 


allowable maximum. 
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The number of turns will be calculated with the 50 ohms output 
terminals as a reference point. 

To keep the core losses below 1% we must keep the parallel loss 
resistance above 5000 ohms. 


This means an inductance of: 


R | 
5000 
LS SED = ara = 5.81luH (see section 4) 


Between the points A and B in fig. 1 the voltage is one quarter 
of the output voltage. This means that the inductance between 


” 
OO ; : 
ots these points must be one sixteenth of that across the output 
= ® 
CcOcS ; 
Soe terminals, so: 
58 
Ee 
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L eis 


Lap a 1G = ca 08 = 0..363uH: 
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Now the number of turns can be calculated with: 


fii LA = 1.48 


In practice we will choose of course 2 turns by which the core 


losses reduce to: 


(2588)2 1s = 0.55% 


The inductance in parallel with the output terminals rises to: 


- The Netherlands 


Product Division Electronic Components and Materials 


(Fg) x 5.81 = 10.6uH 


This corresponds to a reactance of 2000 ohms at 30MHz which is 
high enough to be neglected. 


To realize the windings cables are required with a length of 
appr. 98mm giving a cable loss of 0.039dB or 0.91%. 
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So the total calculated loss of this transformer is: 
0.55 + 0.91 = 1.46% at f = 8B0MHz. 
Reference: 


Application Information Nr. 530 “Design of H.F. Wideband Power 
Transformers" by A.H. Hilbers, June 17th, 1970. 
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In the Data Handbook curves are giving showing the core losses 
expressed in KW/m° or mW/cm> versus the flux density B with the 
frequency as a parameter. It is often useful to know what this 
means in terms of an equivalent loss resistance in parallel with 


the inductance. The power dissipated in this resistance is 


equal to: 
2 
p E max 1 
p 
8 On the other hand: 
2 Oraax ares (2) 
e WAN 


Eliminating E ag in (1) and (2) gives: 


ae Bax. nc né 
By ee eo ae (3) 


2R 
p 


Further we know that: 
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2 





up nA 
ge o'r (4) 
> 
So that: 
nc z L] (5) 
Hoby 


Substituting: (5): 1 43) we-ger: 


2 2 
] 
a ee 

250 I Ugh, 

SSe . 
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oE—Q 

Ww ow 
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A 2-STAGE 14! POWER AMPLIFIER WITH BFO42/BLY29 TUNABLE FROM 
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A. Boekhoudt 





ABSTRACT 
The power amplifier described in this report is intended for 
application in transmitters of mobile radios. The number of amplifier 
stages could be reduced from 3 to 2 by applying the high-gain V.H.F. 
transistors BFO42 and BLW29. 


The output power is 14W at a supply voltage of 13.5V. 
The tuning range is from 146 to 174 MHz using a number of tuning 
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elements which is 50% less than in earlier designs. 
The overall power gain and efficiency are 22.5 + 1dB and 60° typ. 


Parasitic oscillations do not occur up to an output VSWR of 4.4 
(any phase) combined with any drive up to an output power of 14\!. 
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SUMMARY 

The figure shows the basic circuit diagram of the prototype 
with both stages operating in class B. For the calculation of 
the matching networks the complex input- and load impedances of 
the transistors have been calculated with the aid of a computer 
programme (ref. 1 and 2). 


The average values are: 

BFQ42: R. = 6,7 ohn; X = ~4,0 ohn; Re = 41,8 ohm; Cc. = -18,6pF 
BLW29: R. = 1,2 ohm, x. = 0,4 ohm ; Re = eS. Ohm: Cc. = -60,60F 
To reduce the costs and to simplify the linina-up the number 

of tuning elements has been reduced as much as possible. 
Furthermore the circuit contains a number of components to 
guarantee stability under mismatch conditions. 

The amnlifier is printed on a double sided copper clad epoxy 
glass-fibre board that is housed in a polycarbonate box. 

A small intermediate heatsink is applied that has to be screwed 
to an external one. 


Some typical results are: Pa = 140; Vp = 13,5V. _ 














F(Haz) P. (ml!) Ty ot (A) eff(%)  gain(dB) 
146 63 1,76 58 2350 
153 99 1,64 6352 C155 
160 79 L535 56,1 2035 
167 66 1373 59.9 235.3 
174 74 Loe 57,0 2058 


The amnlifier is stable for load mismatches up to a VSWR of 
4,4 (any phase) combined with any input drive up to an output 


nower of 14W. 
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1. INTRODUCTION 
The BFQ42 (dev. nr. 670 BLY) and BLW29 (dev. nr. 671 BLY) are 
VHF power transistors to be used in a two stage power amplifier 
for fixed or mobile communication equipment. The input power 
is less than 100mW for an output power of 14W. 
The supply voltage is 13,5V. 


This application is analogous to that of the BFQ43 and BLW31, 
which is described in C.A.B. report ECO 7701. The output power 
in that case was 28W. 

The BFQ42 is mounted in a TO--39 metal envelope, with the 
collector connected to the case. The BLIW29 is encapsulated 

in a ceramic envelope with 3/8 inch stud (SOT-1290). 


The amplifier is semi wide-band, the instantaneous bandwidth is 
about 2% and it is tuneable in the frequency range from 

146-174 MHz. It is stable for an output VSWR of 4,4 (0-360°) 
also with variation of the input drive power. 


2. CIRCUIT DESCRIPTION 
The construction of this two stage amplifier is the same as that 
of the 28W amplifier. 


2.1. The_output_network of the BLW29 
For the calculation of this network, we have to know the 
optimum load impedance of the BLW29. This has been calculated for 
rs = 14W and VE = 13,5V at a number of frequencies. 


The average value of Re and C. 1S: 


Re = 5,5 ohm 
G -60,6 pF > Xp = 16,4 ohm 


L 
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The frequency used in the calculations is 160 MHz. 





This impedance is transformed in two steps to 50 ohm, see 






PHILIPS 















figure 1. 
C1 
L6 Ci7 
|" C, [Cu & bs Cis Cig feo 
Cie : 
ie aah V. 
3if! alee 
33.3 R. 
a Cia C., i ? 
sEaz 
25 i i | Cy 
3. i=4 , 
cits - J 
Begs 7 
at Figure 1 
2: The first idea was to omit C,,-, but during the experiments it 
BPE y became clear that it was better to split up the a.c. current 
faze 


after Le. 

Le is the r.f. choke. The reactance of which is about 5 to 

7 times the collector load resistance. 

The capacitors Cho: C13 and the series connection of Re and Cia 
together with the choke Le form a broadband collector impedance 
network that contributes to the stability when the external load 
1s mismatched. 

During the experiments with the 28W amplifier a capacitor from 
the collector to earth was added to improve the stability of the 
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To calculate the interstage network we have to know the average 

Output impedance of the BFQ42 and the average input impedance 

of the BLW29. 

Both were calculated with the aid of a computer. 

The results are: R. = 1.2 ohm Re = 41.8 ohm 
x. = 0,4 ohm C. =-18.6pF > X 


Ro 
no 
Sem | 
= 
a) 
——l, 
mae) 
_ 
(a>) 
> 
vA) 
ctr 
re) 
ta) 
Mm 
5 
(99) 
ct 
= 
Oo 
> 
oe 
co 
m7 
“uo 
rm 
Ro 
' 
ow) 
r 
= 
nO 
LO 


= 53,5 ohm 


Cp Ls 


Cy le |e - 


Ll 


Figure 2 
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The collector of the BFQ42 is not directly connected to 13,5V 
for d.c. but a resistor is put in series. This is done because 
jin this application the BFQ42 has to deliver only approx. ll! 
compared with a capability of 2W. In this way the stability of 
the driver stage is improved. 





Electronic 
components 
and materials 






Central application laboratory CAB Eindhoven - The Netherlands 






panes 
ey 


information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


70 


8222 031 76361 


Report No.. ECO 7801 PageR 4 


The collector choke Lo forms a part of the interstage matching, 
i.e. theratioof its reactance to the collector load resistance 
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is much smaller than in the output network. 


The capacitors Cy, Ce and the series connection of Ro and Co 
have the same function as similar components in the output 


network. 


The capacitor Ce is again added, to improve the stability of the 


driver stage. 


The reactance of Ce must be approx. -Jj22 ohm, which is realized 


with a trimmer of 60pF. 


The inductance of Ly is so small that it could be printed, 
see figures 5 and 8. 
Cy and Ci must be connected at 17mm from the transistor BLW29. 


Their leads have to be as short as possible. 

The impedance of the combination La> Ra and Fa hardly influences 
the normal r.f. performance of the circuit. It consists of a 
carefully chosen combination that prevents parasitic 

oscillations under severe mismatch conditions. 

The ferrite bead choke Fa across Ry 1s added because it is not 
advisable that thebase current causes the transistor to operate 
in class C. This network gives a better suppression of parasiticg 
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than a single ferroxcube choke. 


2.3. The input circuit_of_the BFQ42 


The average input impedance of the BFQ42 is: R. = 6,7 ohm 


x. =-4,0 ohm 


This impedance has to be matched to 50 ohm, which can be done 


with one variable element. 
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Figure 3 


The calculation of this network is rather conventional. 
The resistor Ry and the choke aa form again a combination to 


Suppress parasitic oscillations. 


C, is a blocking capacitor of 180pF. This value has been 
chosen because of its series resonance around 160 MHz. 


CONSTRUCTIONAL DETAILS 

The printed circuit board is the same as used for the 28W version. 
The existing interruption in the base line of To (L3) must 

be short-circuited by means of copper foil (see figs. 5 and 8). 


Further an interruption must be made in the supply line to 

the BFQ42, because a resistor (R) is connected in series. 

The board is of 1,5mm (1/16 in) double sided copper-clad 

enoxy glass-fibre with copper thickness of approx. 35 ,U. 
Soldered rivets are inserted to-make ground connections between 
the upper and lower sides of the board. 


The intermediate aluminium heatsink is too small to handle the 
power dissipation. So it has to be screwed to a suitable one 
that can dissipate at least power levels of about 14W under 


non-mismatched conditions. 
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MISMATCH TESTS AND SPURIOUS GENERATION 


is shown in figure 10. 
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The p.c. board is screwed against the aluminium heatsink with the 
aid of two M2 screws and the stud of the BLW29. 
The BFQ42 is mounted up-side down. Its case may not contact the 
heatsink electrically, so a boron-nitride disc is used in 







between to improve the thermal resistance. In addition some 






Silicone-grease has been applied (see fig. 6). 

A square hole in the p.c. board is made for the BLW29. 

The advantage is that it is possible to make a direct contact 
from upper to lower sheet with wide copper strip (see figure 7). 






























An important requirement on this amplifier is that it must be 
Stable and has to survive mismatch tests applied at the 


Output. 


The stability tests have been done according to the following 
specifications: 

. measuring frequencies: 146-153-160-167-174 MHz 

. supply voltage Vv, = 13,5V 

. Output power RA = 14W . 

. drive level up to 100mW over 50 ohm 

. VSWR (output) 1:4,4 (0-360°) 

. heatsink temperature approx. 20°C 


Tests have been made with the set-up shown in figure 9 in which 
the spectrum analyzer HP8558B appeared to be an indispensable 
instrument. A Rhode and Schwartz signal generator type SMLU 

has been used. Tne frequency counter is a Philips type PM6615. 
The forward and reflected power at the input are measured by a 
Rhode and Schwartz watt meter and matching indicator, type NAU. 
The output power’is attenuated 30dB by a Bird attenuator. 

The power is measured by a Hewlett-Packard powermeter type 
435A. The mismatch tests were done with a normal 2dB power 
attenuator and a reactance unit, of which the internal diagram 
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The current was measured with a Hewlett-Packard clip-on meter, 
model 428B. 


MEASUREMENTS 


At every test frequency, the interstage and output network were 
tuned for maximum output power and the input section for 
minimum reflection. The results are: 


V,=13,5V 


For an output power drop of 1W the instantaneous bandwidth is 2%. 
AN 20% reduction of the battery voltage causes a maximum output 


power decrease of 3/7,1%. 
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For the German market the following adjustment may be of interest. 
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The amplifier is stable for load mismatches up to a VSWR of 
4.4 (any phase) combined with any input drive up to an output 
power of 14W. 
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Parts list (Figs. 1-5) 
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Ry = 392, carbon + 5%, CR25 style 
Ro» Ras Re = 102, carbon + 5%, CR25 style 
Re = 102, carbon + 5%, PR37 style 
Ci> Ce, C135 180pF, 100 V.d.c., ceramic 
Cy = omitted 






Ce = 2 scpr,. 000 Vide. 4 Ceramic 
17? Cig = 5/60pF, film dielectric trimmer 
(cat.nr. 2222 809 08003) 











Cas Cio = InF, 100 V.d.c., ceramic 
Co, Ci, = 100nF, polyester + 10% 

Cg = 5opF, 500 V.d.c., ceramic 
Cio = 27pF, 500 V.d.c., ceramic 
Cia C16 = 18pF, 500 V.d.c., ceramic 
Cis =6,8pP, 500 V.d.c., Ceramic 
Cig = ]OpF, 500 V.d.c., ceramic 






? Fos Fo, Fa = ferroxcube bead with 3 turns of 0,6mm Cuem. 
wire, cat.nr. of bead 4313 020 15172 
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1 =-3 turns. en 3,5mm, d = 1,lmm Cuem. wire, 
spacing = 0,2mm, leads 2x5mm. 
Lo = 1 turn, D. at = 6,lmm, d = 1,lmm, Cuem. wire, 
Jeads 2x5mn. 
L, = printed (see p.c. board) 
La = 7 turns, De = 4.0mm, d = 0,6mm Cuem. wire, 
closely wound, leads 2x5mm 
L. = 3. SUNS; Ds at = 3,0mm, d = 1,lmm, Cuem. wire, 
Spacing = 0,2mm, leads 2x5mm. 
Le = 3 turns. Ds nt = 4,0mm, d = 1,lmm, Cuem. wire, 
Spacing = 0,2mm, leads 2x5mm. 
e Ty = BFQ42 (670BLY) 
29 Ty = BLW29 (671BLY) | 
Loo 
CC t% 
Sse 
Ww O 
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ABSTRACT 


This paper presents a survey of transistor types suitable for 
application in military communication transmitters for the frequency 
band of 25-80MHz. . 

Some possible line-ups are discussed for portable, mobile and base 
Station transmitters with different supply voltages and output power 
levels. Of the most important transistors power gain and impedance 
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INTRODUCTION 


The Philips range of transmitting transistors counts nearly a 


PHILIPS 


100 types which are generally specified at the maximum frequency 
of a civil communication or broadcast band. Except some typical 
information versus operating frequency none of the devices is 
explicitly specified for the military communication band of 
25-80 MHz. 

However a large percentage of our VHF and UHF transistors is well 
Suited for application in this frequency band. It is the 
intention of this paper to elucidate this in more detail. 


2. POSSIBLE LINE-UPS 


In table I a list is shown of all the types suitable for a car 
battery voltage of 12-14V. Table II gives the types intended for 


Supply voltages of 28V and higher. In both tables the power gain 


specified is the minimum one at 80 MHz in a tuned narrow-band 


amplifier. 


To come to a series of transistor line-ups we have to consider 

some points: 

a. In those cases where not only FM signals but also AM and/or 
SSB signals must be handled some linearity of the power 
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anplifiers is required. This means that the output stage and 
for higher output powers also the driver stage must preferably 
be operated in class-AB push-pull. The remaining driver stages 
can then be class-A amplifiers with a suitable combination 


of voltage and current (negative) feedback. 


b. The possibilities for impedance matching between the 
transistors and between the final stage transistors and the 
load are rather restricted. Conventional transformers can 
hardly be used because of their stray-inductance. 

Chebyshev matching techniques according to Matthaei (Ref. 1.) 
are of restricted value because of the wide frequency band. 
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Fig. 1 shows the maximum input VSWR in the frequency range of 
25-80NHz for 2 and 3 section networks versus the impedance ratio. 
From this graph it can be seen that the maximum impedance ratio 
for a 2 section network is appr. 1,5 and for a 3 section network 
appr. 2 if we assume that the maximally acceptable VSWR is 1,25. 


The most convenient way of impedance matching is probably the 

use of transmission line transformers with ferrite cores. 

These transformers have very low losses and a large power 
handling capability in a small volume. A disadvantage however 

is the fact that only some specific impedance ratios, viz. l:l, 
1:4, 1:9, etc. can be handled. (Ref. 2,3). This means that in a 
power amplifier of which a high collector efficiency is expected 
not every combination of supply voltage and output power can be 
chosen. If we restrict ourselves to impedance ratios of 1:1 and 
1:4 (to reduce complexity) the load impedance of the final 
transistors is either 50 ohms or 12,5 ohms measured between the 
collectors. In this way it is possible to design transmitters 

for supply voltages of 26-28V with output powers of 20-25W or 
80-100W. If the supply voltage is 13-14V this becomes 5-6W or 
20-25W. 

In driver stages where the efficiency is.less important a load 
impedance below the optimum value can be chosen to preserve 
bandwidth. If a driver stage operates in class-A the allowable 
D.C. input power is appr. equal to the output power in class-B. 
The best efficiency obtainable in that case is between 30 and 35%. 
The design procedure for these stages is principally equal to 
that for application in the h.F. ranae (Ref. 4). 


In Table III a series of line-ups for different supply voltages 
and output powers is given. The first design is intended for 
portable use. Fig. 2 shows the power gain and input impedance of 
the final stage transistor BFQ42. 
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At the output no transformation is required, only a balanced 


to unbalanced transformer. In some cases it can be useful to 
compensate the collector capacitance of the output transistors 
with an LC-network in the same way as described in Ref. 5 for 
conventional transformers. 


2.2 Mobile transmitters with Vo = 13-14V 


Two line-ups have been given. The first one with 2 transistors 
BLW80 in the final stage does not require impedance transfor- 
mation at the output. In the second design where 2 transistors 
BLW29 are used an impedance transformation of 1:4 is required. 
Fig. 3 and 4 show power gain and input impedance of the mentioned 
transistors. 


Po 
OO 


Mobile/base_ station transmitters with Vo = _26-28V. 


The first design with 2 transistors BLY92C in the final stage — 
requires no impedance transformation at the output. 

In the second and third designs output transformers with a 1:4 
impedance ratio are required. The difference between the second 
and third line-up is in the envelopes of the transistors. 

The second design uses stud types and the third design flange 
types. Fig. 5 and 6 show power gain and input impedance of 
BLY92C and BLX39/BLW86. 

In fig. 7 the same information is given for the BLY91C/BLV20 
where used in a class-AB driver stage, loaded with 25 ohms per 
transistor. These types are then able to deliver min. 5W per 
transistor. 


Central application laboratory CAB Eindhoven-TheNetherlands - fe 


Information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its ipresentauon does not 
imply a licence under any patent, trademark or copyright. 


85 


Report No.: ECO 8002 Page R4 


FINAL REMARKS 


The power gain and impedance data given in this paper for some 


PHILIPS 


transistor types differs from the information given in the 
handbook. The reason for this is the different loading condition. 
Tn some transmitters stabilization of the supply voltage is 
applied. In a 28V system this could for instance mean that the 
supply voltage of the transistors is 22V. In such a case the 

Same line-ups can in principle be used. One must however keep 

in mind.that the output power varies with the square of the supply 
voltage if the output impedance transformation remains unchanged. 
To obtain a higher output power than indicated in the line-ups 

it is possible to combine 4 output stage modules by means of 
hybrid couplers as described in Ref. 2. and use this combination 
as a booster amplifier for the given line-up. 

The information on the mentioned transistor types in this paper 
is rather restricted. More details can be found in the semi- 
conductor handbook, part 4a. Additional information on other 
types for wideband operation like power gain and impedance levels 
can be supplied on request. 
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eh 

a | 

(ae a Ve(V) Po (W) G( dB) Envelope 

aa = 

== (2NG427 13 1 18 TO-39 (1): 

@ | (sro. 13 2 15 TO-39 (1): 
BLW79 13 2 16 SOT-122 
BFQ43 | 13 4 15 TO-39 (3) 
BLW8O 13 4 16 SOT-122 
BLY87C: 13 8 15 SOT-120 
jBLYIO = = 13 8 14 SOT-123 
pus : 13 10 16 SOT-122 
BLY88C } 13 15 14 SOT-120 
‘ious : 13 15 14 SOT-123 
iBLW29 : 13 15 16 SOT-120 
IBLY89C | 13 25 13 SOT-120 
iBLW87 =: = 13 25 13 SOT-123 
Buw31 28 14,5 SOT-120 
BLWGOC | 13 45 10,5 SOT-120 | 
- | 13 45 9,5 SOT-123 | 
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ie eee ‘ eee 
Type Ve) Pa (W) G(dB) Envelope 
'2N3866. (28 1 19 T0-39 (1) | 
‘BLW89 28 2 20 SOT-122 
IBLW9O 28 4 20 SOT-122 
BLYSIC 28 8 7 SOT-120 
oe 28 g 17 SOT=-123 | 
BLW91 28 10 17 SOT-122 
aursee 28 15 16 SOT-1z0 
BLV21 28 15 16 SOT-123 | 
‘BLX94C 28 20 16 SOT-122 | 
‘BLY93C —-28 25 16 SOT-120. 
BLW84 28 25 16 SOT-123 
‘BLX39 28 45 13 SOT-120 

| ‘BLW86 28 45 13 SoT-123 | 
'BLW75 28 60 13 SOT-105 | 
BLV33 28 80 12 NO-2078 
IBLW78 28 100 10 SOT-121A 


ae ee ee 
‘BLW95 150 S39 SOT-121A 
a 50 200 7 SOT-121B | 
Sen ee ee cee Oe See ee ee 
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summary 
In this report considerations are aiven concernina the obtainable 






collector efficiencies in the different classes of operation of 






R.F.powertransistors. Also the frequency limitations are beine 






considered. . 
As an example it can be mentioned that our 28V transistors are 






able to operate in class-E with an efficiency of 85% up to 
freauencies of 60 - 70 MHZ. 
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1. INTRODUCTION 





Some times we receive questions on the possibilities to improve 
the efficiency of R.F.power amplifiers. Below some consideration: 


will be given for the different classes of operation of non- 


PHILIPS 


linear amplifiers. 


2. CLASS-B OPERATION (Vpe= 0) 


For most of our transmitting transistors we publish the collec- 
tor efficiency as measured in a class-B common-emitter narrow- 
band test circuit. Typically this efficiency 3s 65 - /0%. 

This can be explained as follows: 

a. the current efficiency of a class-B amplifier is: 

w/4 * 100 = 78,5% 

b. the loss of the output matching network is appr. 5% because 
it is designed for a loaded Q-factor of 10 whilst the un- 
loaded Q-factor is appr. 200. 

c. the remaining losses are D.C. and R.F.losses in the built-in 
emitter and collector resistances of the transistor. The 
former is necessary for a good D.C. SOAR and the latter for a 
high reverse second breakdown energy giving the device suf- 


ficient ruggedness against load mismatch. 


However from this situation there are deviations in both direc- 
tions; e.g. the BLW 89 has an efficiency of only 53%. This is 
caused by the tuning method of the narrow-band test circuit, 
because the circuit is tuned for maximum power gain. The corres- 
ponding load impedance of the transistor is some times Strongly 
reactive. Phase angles of 40-45° can occur which means that the 
collector efficiency must be multiplied with the cosine of this 
angle. If a different aligning method was applied, e.g. with a 
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more resistive dummy load, the same transistor would show a 
higher efficiency at the cost of some power gain. 


4) 
L2S 
2 3 9 The other extreme is formed by transistors like the BLW 60 and 
oO 
sac BLY 90 having efficiencies of appr. 80%. This happens only at 
ne) 
325 relatively high operating frequencies where the power gain is 
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only 4-5dB. In such cases a substantial amount of the drive 
power is fed directly to the output circuit via the collector- 
base capacitance and the emitter lead inductance. This causes 
an artificially high collector efficiency. It 1s therefore 


PHILIPS 


better to compare transistors on the basis of oscillator effi- 
ciency being defined as: 


if heal Pj 
V 


ce ve 


In addition to the considerations above there is a slow decrease 
of efficiency when the operating frequency comes in the 
neighbourhood of 50% of the f of the transistor. This is caused 
by the increased capacitive current through the transistors 
collector and emitter resistances. 















3. CLASS-C OPERATION 


The collector current efficiency can be improved by reduction 
of the angle of current flow. This is achieved by a negative 
base-emitter D.C.voltage, e.g. caused by an external base 
resistor which is effective for D.C. 

We do not recommend this method because a bias voltage in excess 
of 300 mV in combination with the increased drive voltage may 
cause continuous breakdown of the base-emitter diode leading 
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to degradation of this diode, i.e. higher leakage current and 
reduced Neg: 


On the other hand bias voltages below 300mV are not very 
effective. 


4, CLASS-D OPERATION 


An excellentdescription of this type of operation is given in 
Ref. 1. From this article some conclusions can be drawn: 
a. push-pull operation is required with a very tight coupling 


” 
2a between the two transistors. This can for instance be 
250 ; 
& 5 3 | achieved by a complementary pair of transistors (NPN - PNP). 
See | 
Ww Oo 
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However pairs showing sufficient equality of D.C. and R.F. 
properties are not available. 

As an alternative a matched pair of NPN-transistors can be 
used provided that a good combining transformer can be 


PHILIPS 


constructed which is only possible at frequencies up to 
appr. 30 MHz. 

b. the maximum frequency of operation is further restricted by 
the switching times of the transistors. For output powers 
above 10W this is about 0,01 fr. 

This means for our modern transistors with U.H.F. diffusions 
a maximum of 5-10 MHz. 


5. CLASS-E OPERATION 


5.1 General considerations. 


Design information on this class of operation can be found 
in Ref. 2 trough 5. The most important paper in this respect 
is Ref. 4, section III B, pp. 731-732, equations 3.20 
through 3.29. The basic circuit diagram is reproduced in Fig. 
la en b. The reactance of RFC must be high compared with the 
load resistance. The series tuned circuit in Fig. lb must 
have a sufficiently high loaded Q, e.g. greater than 5. 

After some re-arrangement of the above mentioned equations 
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So S 
Re = aaa ane aes 


BS et = a = — 
r(1HE)R, a 
TT a n(2 = ove vs 
X = W ob = gia- 2 2)R, = S = 0,6648 PO 
o TT 
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cc 
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An ideal transistor (having zero saturation resistance) 
will then show a collector efficiency of 100%. 
Further we know from Ref. 4 that the collector peak voltage 


is 3,562 times the supply voltage and tnat the collector 
peak current is 2,862 times the collector D.C. current. 


To show the possibilities of class-E operation we choose 
the BLV 25 which is able to produce 175 W of output power 
at a supply voltage of 28 V up to a frequency of 108 MHz. 
In a "normal" class-B amplifier this transistor shows an 
efficiency of 70-75%. 
The guaranteed collector breakdown voltage of the BLV 25 
is 65 V and the typical value 70 V. To prevent loss of 
efficiency by clipping of the collector voltage waveform 
we choose a supply voltage of 20 V. 
The allowable collector peak current is 35 A. If we choose 
30 A the drop of fr is less than 20% compared with the point 
of maximum fy 5 
Then the collector D.C. current becomes: 

lL = 30/2,862 = 10,5 A 


and the D.C. input power: 
ae = 20 4 1055. =-210° W, 
The saturation resistance is appr. 0,1 ohm and if we conside 
the collector current as a half sine wave the saturation loss 
can be approximated by: 
e es Rat _ 30° er ae 22.5 W 
nn i Soe ; 


So the transistor output power becomes: 


a = Pag - Peat = 210 - 22,5 = 187,5W 


As mentioned earlier the loss of the output matching network 
is 5%, so the output power of the amplifier will then be: 

an = 0,95 x ES = 0,95 * 187,5 = 178W. 
This gives us a collector efficiency of: 


ee dh Caen = L872 10s 100% = 85 %. 
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A question that still has to be answered is: 

Up to what frequency can this performance be maintained? 
The answer can be found by inspection of the formula for 
B in the previous section. We must keep in mind that C 
in this formula is the total capacitance from collector 


to ground, i.e. the sum of the transistors effective 


collector capacitance and a possible external capacitor. 
If we reduce the latter to zero and rearrange the formula 


we will find the maximum frequency of operation: 


Ce 


i =n. amare a ae 
max QT C.V6 


is the effective collector capacitance which is 344 pF 


at a collector voltage of 20V, so: 
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good average. f 


i an ae 66 MHz. 


Unfortunately this is not sufficient to cover the F.M. 
broadcast band up to 108 MHz. However at least some of the 
advantage of class-E operation can be obtained by using the 
RFC to tune out the surplus of collector capacitance. 

In this way a collector efficiency of 80% is probably 
possible. 


6. FINAL CONSIDERATIONS. 


An interesting question is whether the BLV 25 is a good or a 
bad transistor for class-E operation. Examination of many 
Philips and competition 28V transistors shows that it is a 


a depends on the ratio Po/Cc which does not 


Spread so much. 

A much greater improvement is obtained by the application of 
12V transistors. The quantity Tees rises then to the double 
value. However for a supply voltage of 12V there are no 
transistors available with the output power of the BLV 25. 

If we would try to make such a device it would be a very im- 
practical one, e.g. the optimum load resistance would be less 
than 0,5 ohm and the power gain 3dB less than that of the 

LV 25, i.e. 7 - 8 GB. 
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(87.5-108 MHz) WITH TWO TRANSISTORS BLV 25 AND A SUITABLE DRIVER 
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ABSTRACT 


For the application in transmitters and transposers 








for the FM broadcast band (87.5-108MHz) a 300 Watt 
push-pull amplifier has been built with two transistors 
BLV 25. Also a suitable driver for this amplifier has 


been made with the transistor BLW 86. 
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SUMMARY 


For application in transmitters and transposers for the FM broadcast 
band (87.5-108MHz) a 300 Watt push-pull amplifier has been built 

with two transistors BLV 25. They operate with a class B setting, at 
a supply voltage of 28 Volt. 

Moreover a single stage driver amplifier has been built with the 
transistor BLW 86, also operating in class B, at a supply voltage 

of 28 Volt. 

The table shows the main properties of both amplifiers and of the 
combination of driver and final amplifier. The driver and final ampli- 


fier have been aligned at output powers of respectively 45 Watt and 


300 Watt. 














FM band 






Final Combination 





Driver 








87.5-L08MAz 





BLW 86 2xBLV 25 BLW 86-2x BLV 25 













Po paw P + 300W P ar 4, 300W 


a 
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Gain 






Input VSWR 
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The 2x BLV 25 amplifier has a heatsink with forced air cooling 


and a 10 mm copper plate working as a heatspreader. 
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INTRODUCTION 





The power transistor BLV 25 is intended for application in FM 


broadcast transmitters ans transposers. This device is encapsu- 






lated in a 6 leads flange envelope with a + inch ceramic cap. 





(SOT 119). In report ECO 8101 d.d. 11.11.1981 Mr.Hilbers gave some 






design considerations for a 300 Watt wideband push-pull amplifier 









for the FM broadcast band (87.5-108MHzZ) with two transistors 





BLV 25, operating in class B at a supply voltage Vs=28 Volt. 





The practical solution for this theoretical design is described 






in the following chapters. 
















Besides a driver amplifier is described. 

It is a single stage amplifier with the transistorBLW 86,designed 
for an output power of 45 Watt. The BLW 86 is encapsulated ina 
3/8 inch 4 leads flange envelope with a ceramic cap.(SOT 123). 


It is also operating in class B, with a supply voltage Vs=28 Volt. 


2. 300 WATT PUSH-PULL AMPLIFIER WITH 2x BLV_ 25 


2.1. General remarks 


The schematic line-up of the amplifier is given in Fig.1. 









50nsemicrigid 25 
coaxial cable. 





4:1 
trans 
500—* former 






25 


BLV 25 







branch 
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Theoretical background and design details of this amplifier. 
can be found in report ECO 8101 written by Mr.Hilbers. 
The practical solution for the proposed electrical circuit is 


described here. 


PHILIPS 


The amplifier has been designed on epoxy glass fibre print 
material (€ = 4.5), thickness 1/16 inch. Fig.2 Shows che DiCu 
board and Fig.3 the lay-out of the ultimate amplifier. 

For good contact between upper and lower side of the print, 
rivets have been used and at the edges copper straps have been 
soldered. 

At the places where the emitters are grounded, contact has 

been established with the lower side of the print. 

The printed circuit board and the transistors have been attached 
to a copper plate, thickness 10 mm, which functions as a heat- 


spreader. This plate has been screwed on a standard heatsink 


- The Netherlands 


with forced air-cooling. 


O 
At an ambient temperature of 25 C and the amplifier operating 


- Eindhoven 


at 300 Watt output power level, the heatsink temperature is 
below 55°C, 


-Alignment 


The first alignment has been done on a small signal basis, 
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starting with the output. circuit. The BLV 25> transistors have 
been replaced by dummy loads, representing the complex conjugate 
of the optimum load impedance. The dummy consists of a 2.22%) 
resistance and a 300pF capacitance. 

To reduce parasitic inductance and to maintain the best possible 


symmetry we have used several components in parallel. These 


components have been soldered on an empty SOT 119 header. 


The reflection versus frequency has been measured at the output 


terminal and minimized by adjusting the capacitors Cig ya 45 

2) and Cg: Fig.4 shows the return losses; VSWR remains below 1.13. 
plane 
Cos 
22 The alignment of the input network has been done with the tran- 
CE 
Es sistors in the circuit and the supply voltage and load connected. 
Que 
oO 
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We have started the alignment with the transistors in a class A 






























setting (Ic=1.7A and Von 25V). The reflections versus frequency 
then have been minimized at a small signal basis. 


After that the transistors have been set in class B and the 


PHILIPS 


amplifier has been realigned at an output power level of 300 Watt. 
The required circuit modifications were in general rather small. 
Fig. 5 shows the final circuit. The resistances R., and R. are 
necessary to prevent parallel oscillations. The inductance of 
these resistors is very important (see parts list). 

In spite of the dummy adjustment of the output circuit we had 

to lower the capacitance value of Cor in order to improve the 
collector efficiency n of the amplifier. Besides we have applied 
three capacitors in parallel because of the very high reactive 


leading at. that point. 


2.3.Performance 


- The Netherlands 


The amplifier has been aligned at an output power of 300 Watt. 


- Eindhoven 


Fig.6 and 7 respectively show gain and input VSWR and collector 
efficiency nN as a function of frequency at 300 Watt output power. 
In Fig.8 is the efficiency versus output power and in Fig.9 


the gain versus output power, both measured at 108 MHz. 
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3. BLW 86 DRIVER AMPLIFIER 





3.1.Design of the amplifier 


cee mm oes rum ee ee ee er ee ee we 


The wanted drivepower for the 2xBLV 25 amplifier, described in 
section 2, amounts to about 30 Watt. The input VSWR of this 
final amplifier varies between 1.45 and 1.7 (see Fig.6) thus 
the load impedance of the driver amplifier differs from 50% and 
varies as a function of frequency. Because we could not predict 
the effect of this on the performance of the driver, we have 
built in some reserve in output power and designed a 45 Watt 


driver. It is a one stage class B amplifier with the transistor. 


BLW 86. 
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Table 1 shows some properties of the BLW 86 in the frequency 
range from 87.5 to 108MHz, valid for class B operation and an 


output power of 45 Watt. Table 1 


PHILIPS 


Freq. (MHz) | Gain (dB) |Input impedance ({?) | load impedance (82) 


© 
@) 


NO oz Oo NO ~l NO O Wa 
oOo OC OO 0 0 GO Oo OD 
Oo Oo 0 0 90 CO Oo Of 


The input impedance has to be matched to the 502 source impedance 
to obtain a good input VSWR and the 50%? load impedance has to 

be transformed into the optimum load impedance, which is given 

in the table. 

This has been done with Chebychev low-pass L-C filter techniques 
(Ref.1). The amplifier has been designed on double clad epoxy 


glass fibre print material ( Ee =4.5), thickness 1/16 inch. Fig.10 


shows the p.c. board and the lay-out of the amplifier. Again 


rivets and straps have been applied and the emitter soldering 
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places have been connected to the lower side of the print. 


-Alignment 


The alignment has been carried out in the same way as described 
in chapter 2.2. (page 5). The optimal load impedance given in 
table 1 suggested a dummy load of 10% resistance in parellel 

with a 91pF capacitance. Alignment with this dummy resulted in an 
collector efficiency of about 60%. 


Later on we found out that this dummy capacitance had to be 





2) 
2. decreased to 56pF to reach an efficiency of about 70%. 
2G 
558 Fig.11 shows the VSWR at the output terminal measured with the 
ao 
CEO 102 //56pF dummy inserted. 
a ey 
Woe -/8 
7 Semiconductor application laboratory SAL Nijmegen - The Netherlands 
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The input circuit has been aligned with the transistor in the 
circuit and the load and the supply voltage connected. 


Again we have started the alignment with the transistor in a 


PHILIPS 


class A setting (Ic=1A and Vet ZoV) The small signal input 


VSWR has been minimized. 


After that the transistor has been set in class B and the 
amplifier has been realigned at an output power of 45 Watt. 
Fig.12 shows the ultimate circuit. The collector d.c. biasing 
coil L, plays an active role in the transforming precedure. 


8 


3.3.Performance 


Fig.13 shows gain and input VSWR as a function of frequency. 
+ 
Gain is 12.5dB - 0.5dB and VSWR remains below 1.3:1 through 


the band. 


In Fig.14 one can see that the collector efficiency n is better 


- The Netherlands 


than 69%. The measurements have been carried out at an output 


Eindhoven 


power level of 45 Watt. 
Fig.15 and 16 respectively show collector efficiency and ampli- 
fier gain versus output power at 108MHz. The amplifier has only 


been aligned at 45 Watt output power level. | 
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4. COMBINATION OF DRIVER AND FINAL AMPLIFIER 
Fig.17 shows tha gain and input VSWR of the combination of driver 
and final amplifier at 300 Watt output power. We have done this in 
order to get an idea of the influence of the fluctuating input VSWR 
of the final amplifier on the performance of the driver amplifier. 
The efficiency of the combination is better than 63%, as one can 
see in Fig.18. 
No additional alignment has taken place. The required input power 


for 300 Watt output power amounts to less:-than 1.7 Watt. 


2 5. CONCLUSION 

5 8 We have built a 300 Watt push-pull amplifier with two transistors 
EQ BLV 25. To obtain drive power we have also built a single stage 

ae driver amplifier with the transistor BLW 86. uf 9 
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The properties of these amplifiers and of their combination are 


in the table below. 
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FM band Driver Final Combination 
87.5-108MHz BLW 86 2xBLV 25 BLW 86-2xBLV 25 
P = Pp = 
ae 300W ae 300W 


O 


Gain 


Input VSWR 





Efficiency 7 


- The Netherlands 
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PARTS LIST 


= 


Ri=12.10 metal fiim- Philips MR. 25 cat no.2322? 151. 71219 
R =R=4 9980 metal film Philips MR 52 cat no. 2322 153 54998 | 
R123 14 metal film Pailips MR 52 cat no< 2322 153° 51219 


PHILIPS 


oN 


Ciao =O 2-2 1k film dielectric trimmer Philips cat no.2222 809 05003 


c =C,=200pF chip ATC 1O0B=201=K-Px-—300 


C,=300pF chip ATC 100B-301-K-Px-200 


C 


Gm 


=C.=C=C ,=680pF Chip: inh parallel wath 10 pr chips 
ATC 100B-681-K-Px-50 
ATC 100B-151-J-Px-300 


C.=43 pF chip ATC 100B-430-J-Px-500 


soldered on a 50% stripline, w=2.8 mm. 


L.=FXC 3B r.f. choke Philips cat.no 4312 020 36642 


L=L=509 stripline w= 2.8mm, l= 18.1 mm 


9 
“10 
Sg C, 784PF chap ATC 1CCB=820=J—-Px-500 
85 C,5=2k7 chip Philips NPO size 1210 cat no 2222 852 13272 
8% | C,,7100k chip Philips X7R size 1812 cat no 2222 852 48104 
22% 
22 C)4=C,s=100pF chip ATC 100B-101-3-Px-500 
bee L,=502 semi-rigid coaxial cable, d=2.2 mm, 1= 144 mm: 
eae Ly=5 5082 stripline, w=2.8mm, 1=144 mm 
2 FS L4= L=258t semi-rigid coaxial cable, d=3.5mm, 1=96mm; 
288 
azZza 
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Lowk =3009 stripline w= 6 mm, 1= 4.8mm 


7 
9 

L,.=1,,=308 stripline w= 6mm, 1= 14.1mm 
L 


LO" aed 
Loe 13720 semi-rigid coacial cable, d=3.5mm,1=60. 3mm 
soldered on 508 striplines, w= 2.8mm 
L, 4 15 EXC 3B: beads; ‘Phidips: cat no. 4312-020 31500 


{ 
| 
=68pF chip ATC 100B-680-J-Px-500 
wound with 6 leads in parellel 


Ly 62908 semi-rigid coacial cable, d= 3.5mm, 1= 139.6 mm; 


i 
soldered on a 502 stripline, w= 2.8mm 
soldered on 502 stripline, w= 2.8mm 


i L, =508 stripline, w=2.8 mm, 1= 139.6 mm. 
pe ey, 
© T,>T,= BLY 25 
= 
Oe | 
— board material: 1/16" epoxy fibre-glass, E =4.5 
Orc 
OW 
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PARTS LOE 
R,=12.10 metal fidm. Phidips MR 25> cat ne.2372 151 71219 


R,=10 Q- metal tilm. Philips MR 25 eat no. 2322 151. 71009 


CRC gC, ,=2k7 chip.Philips NPO" size 1210 cat.no 2222 852 13272 


Co= S30F chipsATC: 100) B=330=J=Px=500 


C45 a =2-18pF film dielectric trimmer Philips cat no 2222 809 09003 





CO 





C,-C,=120pF chip ATC 100B-121-J-Px-300 
c 0, =510pF chip ATC 100B-511-M-Px-100 
Cg=lOOnF metallized film capacitor Philips cat no 2222 352 45104 
Cian ee a a chip ATC 100B-300-J~Px-500 
C, .=18pF chip ATC. LO0B= sO =P x= 300 
L,= A8nH 4 turns enamelled cu-wire @ 0.8 mm, i.d. 3 mn, 
closely wound, length 3.5mm,leads 2x5 mm. 
z Ly= 60320- strapline we2iny, 1=27.2-20m 
2 L.= 30.18 stripline w=6 mm, 1= 7.9 mm 
2 L,=Ly FXC 3B r.£. choke Philips cat no.4312 020 36640 
L.=200nH 14 turns enamelled Cu-wire 9 0,5mm, i.d. 3 mm, 


closely wound, length 9 mm. 
130.1) stripline wo. mm). l= 3mm. 
Lj =30. 18 stripline w=6 mm, 1= 11.8 mm. 
Lj=27.9nH A turns enamelled Cu-wire @ 1 mm, i.d. 4 mm. 


length 14.3 mm, leads 2x5 mm 


= 60.202) stripline w= 2 mm 1= 47 mm 


Lo 
L,,=55n8 A -turns enamelled. Cuewire Yi mm, i2d. 4 tam. 
length 5.5 mm, leads 2x5 mm 
vie BLW 86 


P.C. board material is epoxy fibre-glass (€ 4.9) 


tarckness: 1.6mm: 
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PROJECT No:-- DATE: LIN Z=1982 


TTT Ge 


IMPROVEMENT OF STABILITY AND EFFICIENCY OF THE 2 x BLV 25 WIDEBAND 


AMPLIFIER FOR THE FM BROADCAST BAND (87.5 - 108 MHz) 


In report NCO 8202 d.d. 17-05-1982, Mr. v. Hees described a 300 watt 
wideband amplifier with two transistors BLV 25 for the FM broadcast 
and (87.5 - 108 MHz). We have built three amplifiers, two on a heat- 
ink and one with a water-cooling system. | 
It appeared that with some transistors, it is nessible that, at re- 
duced output-power, instability occurs. An effective means to avoid 
this instability is the application of an inductance oe between the 
collectors of the-transrstorss. (SéeerFie~. 1). 
Lio 


T, 


Bie lg 





Li 


Advice Patents C20%, 
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Decision Decision MAMO 
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An additional advantage of this inductance is the improvement of the col- 
lector efficiency. 
In fig. 2 are the results of measurements on a water-cooled amplifier in 


three conditions, viz. lee = not present, Lie = 41 nH and Lee = 29 nH. 


Conclusions : 

With Li. present : 

- No instability occurs at any outputpower level at all. 
- Collector efficiency improves considerably. 


- Input VSWRworsens, however, remains below 1.75. 


H. v. Hees 


132 


The contents of this report are not to be reproduced, in whole or in p fy | E | DS 


Electronic 


part, nor disclosed to third parties without the written consent of: 


N.V. Philips’ Gloeilampentabrieken - Eindhoven 


components 


- The Netherlands 


Product Division Electronic Components and Materials. 


and materials 


a 


PHILI 


Report No.: NCO 8204 PageR 3 


eee 





0-Q #£No Hs 


X-X L_.=41nH; 2 turns enamelled Cu-wire @ 1.7m, 


int.diam. D=8mm, length 6m, 


leads 2x10mm 







0-0 L.=29nH; 1 turn enamelled Cu-wire, @ 1.7m, 


int.diam. D=10mm, leads 2x12mm. 
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PRODUCT GROUP : 
APPLICATION 


NIJMEGEN 


Report nO: = pwR-1-320-1986-AS / NCO 8601 


A.Hilbers 
1986-06-05 


RF POWER MOS-TRANSISTORS FOR THE HF AND VHF RANGE 


INTRODUCTION 


In the past 2 decades PHILIPS have introduced more than 100 types 
of bipolar transmitting transistors. 

For most applications these devices show a satisfactory performance. 
There are however areas where a better performance concerning noise 
is required, e.g. in duplex equipment or in cases where many 
transceivers in the same area are in operation. 

For this purpose PHILIPS have started now the introduction 

of a series of RF power MOSFETS. In the beginning this is 
concentrated in the HF and VHF range, i.e. frequencies below 
250MHz. The table below gives a survey of the present situation. 


Type vi) Pu, d, (dB) Status 
BLF 242 ~ Dev. 
BLF 244 Prod. 
BLF 245 Prod. 
BLF 145 Dev. 
BLF 146 Dev. 
BLF 147 Dev. 
BLF 177 Dev. 





In the future this range will be extended towards higher 
frequencies, lower and higher output powers and supply voltages and 
different encapsulations. 
Coming back to the noise improvement mentioned above this was appr. 
7dB measured at 75MHz in similar wideband amplifiers. Other 
advantages are: 
- Higher power gain than comparable bipolar types (4-5dB). 
This is mainly due to the high transconductance and low feedback 
capacitance. 


INDUSTRY GROUP DISCRETE SEMICONDUCTORS 





CSN/T 
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- Control of the output power down to almost zero is simply possible 
by reducing the gate-source DC voltage. 

- Thermal stability of a MOSFET is principally better than that of a. 
bipolar transistor thanks to the negative temperature coefficient of 
the drain current at higher levels. 

This is also the reason for the good current distribution over the 
whole active area of the device. 

- AS a consequence the load mismatch capability of a MOSFET is better 
than that of a comparable bipolar type. 


Ofcourse there are also disadvantages like: 

- Sensitivity of the gate for charges 

- Some form of gate bias network is always required at higher 
frequencies. 

- output power slump,i.e. drop versus temperature is more for a 
MOSFET than for a bipolar type. This is not a matter of reduced 
saturation power but a reduction of power gain caused by a 
decreasing transconductance. 


2. CONSTRUCTION OF RF POWER MOSFETS 





Encapsulation and bonding are the same as for a bipolar type.Below a 
photo is shown of the X-tal of a BLF 244, a 15W output power type. 


Es, 









It is made on epitaxial material with a low-ohmic N+ substrate and an 
N-layer with well defined thickness and resistivity. As one can see 
the structure is of the interdigitated type with 3 bonding pads for 


the source. and 2 for the gate. The X-tal size is appr.1.4x1.0Omm . 
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The drawing below shows a detail of the cross-section of this 
Structure. It is essentially a vertical D-MOS device with a 
metallized poly-silicon gate. The operation of this type of 
structure will not be discussed here because it can be found in 
several books and articles. The electron current starts from the 
N+ source region, continues its way through the upper part of 
the P-region (the channel) and after having reached the N-region 
(the drain) it bends downwards in the direction of the N+ substrate. 


RE -VDMOST 





ay 


N GPILAYER 
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The main advantages ‘of this structure are: 
- its large amount of channel width (80-90 mm) per square mm of active area. 
The channel width is the dimension perpendicular to the drawing. It 
accounts for the amount of drain current and output power the transistor 


can deliver. In this way a high transconductance and a low Ros(on) can be 


realized. The old story that a MOSFET delivers less output power per 
unit of area compared to a bipolar type is no longer true for this 
structure. An additional feature is its excellent linearity (low IM 
distortion) because the high transconductance is maintained up to high 
drain current levels. 

- the feedback capacitance has been reduced by increasing the oxyde 
thickness above the drain area. Together with the high transconductance 
this leads to increased stable gain at high frequencies. 


3. DC AND RF PROPERTIES 


3.1. Ratings 


The channel region which is electrically connected to the source 
forms a diode with the drain region. The avalanche breakdown 
of this diode is responsible for the Vg rating. 


The Vagrating is determined by the thickness of the gate oxyde. 


This rating must never be exceeded because this causes permanent 
damage to the transistor. Reasonable precautions in handling 
should be observed to protect the device from electrostatic charge. 


The drain current ratings are based on the maximum current the 
device can deliver without too much reduction of the trans- 
conductance. 


As with bipolar transistors the thermal resistance increases 

as a function of power dissipation and mounting base temperature. 
This is because of the fact that the same materials i.e. silicon 
and beryllia have been used. 

However because of the very good current distribution over the 


crystal there is no significant difference in Reh between DC 


and RF operation; there is also hardly any dependence on drain 
voltage for the same dissipation. 

3.2. DC characteristics 
Both the drain and gate leakage currents of MOSFETS are extremely 
small; they are typically in the nano-ampere range. 


Fig.2 shows the I) versus Vas characteristics of a BLF 244 at 


junction temperatures of 25°C and 125°C. 
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As long as Vag is below appr. +3V the drain current is almost zero. 


Above that voltage conductance starts and the drain current is then 


appr. proportional to the square of Vag’ This continues up to an 


- of appr.1A. Above that current the relationship between I, 
and Vagis nearly linear up to an I, of appr.4A. For higher drain 


currents the transconductance reduces gradually to much lower 
values than in the linear part. 


When the junction temperature is increased the whole curve 
turns clockwise around a point corresponding with an I) of 


0.7-0.8A. This happens to be the normal operating current of 
the device. If a device is used in class-A at this current 
there is no need for any temperature compensation of the bias 
unit. In class-AB where Tho is much lower, temperature compen- 


Sation is certainly needed. As the required amount can not be read 
very well from the graphs of fig.2 another curve is presented 
(see fig.3) giving the temperature coefficient of Vag needed 


to stabilize I: 


The inversion of the temperature coefficient at higher values 
of I) assures that thermal runaway will not occur for a well 


heatsinked device. 


The transconductance is inversely proportional to the absolute 
temperature raised to a power between 0.9 and 1.0. 

This will cause a power gain reduction of amplifiers at higher 
temperatures. 


Fig.4 shows the R as a function of T,. It is appr. proportio- 
DS(on) J 


nal to the square of the absolute temperature. 
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The Vas at which conduction starts, the so-called threshold 


voltage, spreads from 2.0 to 4.5V. 

In balanced amplifiers it is anadvantage if one common bias 

unit can be used. For this purpose PHILIPS deliver matched pairs. 
This matching is done on basis of a maximum Vas difference of 100mV. 


However it must be mentioned that Vag groups can not be ordered 


individually. 


RF characteristics 

In our publications we give 3 capacitances, viz.: 

Cr. are and C .. For device modelling purposes it is useful 
iss oss rss 

to know that: 


C_=C -C 
GS iss rss 


=C -C 
DS oss rss 


=C 
GD rss 


Fig.5 shows the capacitances as a function of Vg" 


Oe is mainly formed by the reverse biased drainsource diode. 


C 


C 


It shows a large variation. 
This is also the case with the feedback capacitance “eae 


The input capacitance (C, og? however shows a rather constant 
behaviour. 
Although it is somewhat unusual it is also for a MOSFET 
possible to define an fe This is equal to: 
G. /(27 C 
fs ( ies? 


For a BLF 244: oo 0.878 (at T 70-794) 
= F V__=28V 
ree 59pF (at DS 8V) 
So f. = 2.35 GHz. 
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S-parameters have been measured on some samples of BLF 244 in a 
different encapsulation (SOT 122 instead of SOT 123). The DC 
adjustment was: Vg 7283 I= O.5A. 


The results are shown in Table I. 

As MOSFETS are in general not unconditionally stable it is 
better to judge their performance on basis of the MSG= maximum 
Stable gain. 

It can be concluded that these devices have useful power gains 
up to at least 5OQOMHz. 

It must be remarked that the actual BLF 244 (in SOT 123) will 
have a somewhat lower power gain. 


The noise figures mentioned in our publications are measured 
in the published test circuits under power match conditions. 
For a BLF 244 this is done at f=175MHz; Vg728¥ and I 70-58. 


The result is: 
F= 4.3-4.6dB. 
In this case a gatesource damping resistor of 23 Ohms was used. 


Experiments with BLF 244 and BLF 245 in circuits with high Rag 


values and matched at the input for minimum noise figure have 
shown values between 1.5 and 2.6dB. 

In those cases the power loss of the input circuit has been 
estimated at 0.5dB so that the actual device noise figure 
must have been between 1 and 2dB. However these values can 
never be obtained in practical amplifiers. 


4. POWER AMPLIFIERS 


4.1. Gate biasing 
Power gain and drain efficiency are measured in testcircuits where 


the drain quiescent current (Io? is adjusted for each transistor 
individually by means of Ves’ As long as there are no requirements 


on linearity like IM distortion there is nothing against operation 
from a fixed Vag below the threshold voltage, e.g. 2.QV. In fact 


this is class-C operation and the result is a somewhat smaller 
powergain but improved drain efficiency. 
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Another alternative is the use of a Schottky-barrier diode in | 
parallel with Rag’ In that case no external Vag is required because 


it is generated by the diode. This diode must be connected with its 
anode to ground. Suitable types are: BAT81 and BAT82. 


Ras must have a high value, e.g. 100K Ohm. If RF damping 


between gate and source is required the circuit configuration 
of fig.6 can be chosen. 





This solution leads also to a somewhat lower powergain and 
higher drain efficiency. | 


Powergain, input and load impedance 
For the main application area these quantities will be taken up 


in the publication. At lower and medium frequencies it is quite 
well possible to calculate these quantities with reasonable 
accuracy. This can be done by means of an equivalent circuit 
diagram. As an example we take the BLF177, a 150W, 50V transistor 
for the HF-SSB range of 1.6 to 28MHz. In fig.7 an equivalent 
circuit diagram of an RF power MOS transistor is given. 

We will start with the optimum load impedance. For the use at lower 


frequencies we may simplify the diagram of Fig./?. 











See fig.8. R can be determined with: 
Russe /(2P ) 
L od oe 
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in which va is the amplitude of the drain AC voltage and a the 


corresponding outputpower. 





Fig. 8 


As linear operation is required Va must be chosen lower than 
the 50V supply voltage. Taking 44V (see section 6.1) we get: 
2 

R= 44 /(2.150)= 6.5 Ohm 
Because of the large drain voltage swing c. is appr.15% higher 
than the published C » SO: 

oss 
Cial-d5 x 190 = 218pF 


This capacitance must be tuned out with an inductive reactance 
(parallel or series equivalent). 
The current generator I) equals: 
I_=G V 
DFE ‘GS 
in which Gon is the effective transconductance.In class-AB 


with a relatively small quiescent drain current Gor is 502 

of the published Gag’ In addition to this comes a reduction 

of appr. 25% due to the junction temperature rise caused by normal 
power operation and being appr.100°C. With a published Gag of 


6.28 we get: 


= Q. : L2=Le 0s 
Gor 0.5x0.75x6 35 


The voltage gain is: 


A= Gor x R. = 2.3 x 6.5 = 15. 


The appr. device input impedance can be determined as follows: 
C=C C (A+1). 
i gs" aa oe 
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The second term is caused by the well know Miller-effect. 
For the BLF 177: 
Cc, = 470pF 
iss 
Cie = 19pF 
So C = 470-19=451pF. 
| gs 


Because of the large drain voltage swing it is assumed that 
C .(=C ) is increased by 15%, so C (= 1.15x19=22pF. 
gd ssaxss gd 


The total input capacitance becomes then: 
C,=451 + 22 (1541) = 803pF. 


The resistance R. is for the larger part determined by the 
source inductance L.- It can be proven that: 
L=G x L/G 

S 


R = 
i "T(eff)” FE Si 
The calculated L. of the BLF 177 is 0.72nH, giving: 


R. = 2.3 x 0./2E-9/803E-12=2.1 Ohm 


The equivalent parallel resistance of the input at 28MHz 
is then 26 Ohms. 


For several reasons on which we come back later the input 
will be shunted with a resistor of 6.25 Ohms. 
This resistor dominates the power gain which is: 


2 2 
= 7 G = > G Q ye « e = e e 
Ss O x LOG (Gir X RE x Rag) 10xLOG (2.3 x6.5x6.25)=23.3dB 


The actually measured power gain is 22.6dB. 
As one can see the difference is small. It can be explained 
by losses in the matching networks, in R, (0.2-0.3 Ohm) and 


in the above mentioned input parallel resistance of 26 Ohms. 


. Stability 

As mentioned before MOSFETS are in general not unconditionally 
stable. The losses in the gate-source circuit are exceptionally 
small so that a detuning of the load in the inductive direction 
easily leads to oscillation except when sufficient damping is 
present between gate and source. 

It can be proven that the circuit is stable if: 


we GRR <2. (S 1g. Ref.t). 
gd FE L gs SES eke REE) 


A possible stabilizing effect from L. has been neglected here. 


The maximum stable gain (MSG) is then: 
MSG=10xL0G j C dB 
x (Gon! (Ww x are 
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Because of the above our test circuits have been restricted in the 
tuning range of the output network by applying only one variable 
capacitor. In other circuits for linear applications the output 
network is tuned by means of a dummy load (for calculation of the 
components see e.g. the previous section). 
Another measure taken in most cases is of course a gate-source 
resistor of sufficiently low value. 


Matching networks 


Input and output impedance matching networks for MOSFETS are 
not principally different from those for bipolar types. 
Therefore they will not be described here. One is referred to 
the numerous reports written on this subject by PHILIPS and 
others. 


Power saturation 

The maximum drain current of our MOSFETS is rather high compared 
to what is required for the application. A factor 2 is quite 
normal. Thanks to this fact their linearity is excellent. There 
is however also a danger and that is that most of the devices 
are able to deliver twice the published power (and sometimes 
more). We do not advise to exploit this fact because long 
operating life can only be guaranteed if the devices are used 

at or below their published power levels. Exceptions are 
probably pulse operation, amplitude modulated amplifiers and the 
like. 


ee 


Load mismatch capability 
This is published for all our types. It is equal or better than 


for comparable bipolar types because of improved current distri- 
bution. The margin between the publication value and the actual 
point of destruction is larger for low power types in comparison 
with high power types. The increase of drain current during mis- 
match is relatively small due to the negative temperature 
coefficient of I) at higher values. 


Power slump 


By this we mean the reduction of output power with increasing 
fe) 
heatsink temperature. When the latter is increased from 25 to 


70°C the power slump is appr.0.5dB for the BLF 244 and BLF 245. 
It is a little bit more than for comparable bipolar types. 

As mentioned before this power slump is mainly caused by 
reduction of transconductance versus junction temperature. 
Efficiency and saturation power are hardly influenced so that 
correction is rather easy. 
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4.8. Control of output power 
The output power of a MOSFET can easily be controlled down 
to almost zero by reduction of the gate-source bias voltage. In 
normal operation the BLF 244 and BLF 245 need a bias voltage 
between +3 and +4V. 
For power control down to zero this voltage must be reduced 
to -5 to -6V at 1/75Mhz. 
The advantage of this way of power control is that hardly 
any control power is needed. In this way amplitude modulation 
becomes a rather simple matter. 


5. WIDEBAND APPLICATIONS 


5.1. Restrictions at the output side 
The output bandwidth of a transistor is appr. determined by: 


B= 1/(27 RC ) 
O Lo 
in which Ro is the load resistance (parallel component) and a 


the effective output capacitance. 
Due to the drain voltage swing the latter is appr.15% more than 
the published Cae Let’s give an example. 


For the BLF 245: 
R 


L 


C=1.15C <=1.15 x 76 = 87pF 
Oo Oss 


50: a 1/(2 7C 13.1x87E-12)= 140MHz ° 


2 2 
Va /(2P = 28 /(2x30)= 13.1 Ohm 


This is the maximum bandwidth that can be obtained without 
sacrificing much output power and drain efficiency. Larger 
bandwidths can be obtained at the cost of more drop in power 

and efficiency. 

The figure for ,. given above is somewhat worse compared to similar 


bipolar types, however it is still more than adequate for most 
HF and VHF applications. 


5.2. Restrictions at the input side 


The bandwidth at the input side of the transistor is: 
B.= K/(27UR_C,) 
1 GS i 


in which K is a factor depending on the system of input matching. 
For simple systems K is 1 but for more sophisticated ones it 
can be as high as 1.6 as we will see in the next section. 


Rag is the externally connected gate-source damping resistor. 
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So the input bandwidth is inversely proportional to the value 
of this resistor. 
As we have seen earlier the power gain (as a ratio) is propor- 


tional to the value of Rag’ This means that the power gain 


bandwidth product is a constant as long as it is not restricted 
by the output. 


Example of a practical wideband amplifier 


On page |3a the schematic diagram and parts list are given 

of a wideband power amplifier for military communication purposes. 
It has been designed around the BLF 245 and it delivers 25-30W 

at a supply voltage of 28V. The frequency range is from 25.to 
110MHz. 


As we have seen in section 5.1. the optimum load resistance for 
this type is 13.1 Ohm. For the ease of transformation we have 
chosen 12.5 Ohm. This is obtained by a 1:4 impedance transformer 
of the transmission line type with a ferrite core. The usual 

LF and HF compensations have been applied. The purpose of L6 
together with a part of C11/C12 is to compensate the effect of the 
transistors output capacitance. 


At the input side we have to cope with an effective input capaci- 
tance of 220pF (measured). The input matching system chosen is 
depicted in fig.g. 


C, represents the input capacitance of the BLF 245 across which 


we have to develop a constant voltage versus frequency from 
25 up to 110MHz. Provided C. is an ideal capacitor, i.e. there 





Fi9.4 


are no series or parallel losses, the optimum dimensioning of this 
network follows from the following formulae: 
R_=R,=1. ; 
C RS 6/(w C.) 
C=C.= 0.386 C, 
L_=L = ‘ 
gra 0.997 R,/W 
in which ve is the maximum angular frequency. 
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I3a 





BLF 245 


WIDEBAND POWER AMPLIFIER WITH BLF 245 (f=25-110 MHz) 


Cl = 8.2pF multilayer ceramic chip capacitor * 
C2-C5 = 100pF multilayer ceramic chip capacitor * 
C3 = 62 pF multilayer ceramic chip capacitor * 
C4=2C10= 10nF multilayer ceramic chip capacitor (cat.nr.2222 852 47103) 
C6=C7= 100nF multilayer ceramic chip capacitor (cat.nr.2222 852 47104) 


C8= 2.2uF electrolytic capacitor 

Con 3x100nF multilayer ceramic chip capacitor(cat.nr.2222 852 47104) 
Cll= 82pF multilayer ceramic chip capacitor * 

C12= 43pF multilayer ceramic chip capacitor * . 

C13= 12pF multilayer ceramic chip capacitor * 


Ll» 2x Ferroxcube toroids, grade 4C6 (6x4x2mm)(cat.nr.4322 020 97160) 
with 6 turns of 2x0.25mm twisted enamelled Cu-wire (See fig. 1 ) 


L2= 17.6nH, 2 turns enamelled Cu-wire (0.6mm) int.dia.:3mm ,length 2.5mm, 
leads 2x5mm 

L3= 28.8nH, 3 turns enamelled Cu-wire (0.6mm) int.dia.:3mm ,length 3.2mm, 
leads 2x5mm 

L4= 455nH, 12 turns enamelled Cu-wire (1mm) int.dia.:7mm ,length 16.5mn, 


leads 2x5mm 

L5= Ferroxcube h.f.choke,grade 3B (cat.nr.4312 020 36642) 

L6= 10nH,1 turn enamelled Cu-wire (1mm) int.dia.:3mm 
leads 2x3mm 

L7= Ferroxcube toroid,grade 4C6 (23x14x7mm) (cat.nr.4322 020 97190) 
with 5 turns of 2x0.7mm twisted enamelled Cu-wire (See fig. 1 ) 


Rl= 12.4 Ohm,parallel connection of 5 metal film resistors 61.9 Ohm 
(cat.nr.2322 151 76199) 

R22 1K Ohm, metal film resistor (cat.nr. °2322 151 71002) 

R3= 1M Ohm, metal film resistor (cat.nr. 2322 151 71005) 

R4= 10 Ohm, metal film resistor (cat.nr. 2322 153 51009) 

PC-board: double Cu-clad, 1.6mm epoxy fibre-glass (€{r=4.5) 


* American Technical Ceramics type 100B or capacitor of same quality. 
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This has been found with a computer optimization program 
which also indicates that the maximum voltage variation across 
C, is +/- 0.36dB and the maximum input VSWR seen by the 


generator is 1.36. 

In our case we find that: 
R_=R_=10.5 Oh 

o7R, 0 Ohm 


C=C _ =85pF 

Se 

L_=L =15.1nH 

2 3 : 
For the ease of transformation Re and RB, have been chosen 12.5 Ohm. 
Further it is so that the resistive component of C, is substantial 


certainly in the upper part of the frequency band. Therefore some 
of the component values had to be changed to get a maximally flat 
response. The result of this can be seen in the parts list. 

The remaining part of the transformation from 50 Ohm to 12.5 Ohm 
has been accomplished with a transformer very similar to the one 
used at the output, however it is wound on a smaller core and 
connected in the inverse way. | 

The most important results obtained with this amplifier are; 


P. 27.5W a 17.7 +/- 0.5dB 
v7 28V Ue 53-67% 
f = 25-110MHz 


The maximum input VSWR at the high end of the frequency band is 
1.67. This is higher than predicted due to: : 


1. the choice of Ro and R, 


2. the damping of c, 


Looking at the power gain we have the following situation. 


Gog is typ. 1.78 for this type at i 25°C 


) 
In class-B at a 125 C it reduces to appr.0.64S (see section 4.2). 


For the transistor the generator and load resistance are both 
12.5 Ohm, so: 


Z 
ea LOG (0.64 x 12.5 x 12.5)= 18.14dB. 
The measured power gain is only slightly lower due to losses 


in the matching networks and in the transistor (R ) which 
DS(on) 


were not taken into account. 
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6. LINEAR APPLICATIONS 


6.1. 


SSB output stages 


Most SSB transmitters operate in the frequency range from 1.5 up 
to 30MHz. Narrow band tests are carried out at f= 28MHz. Apart 
from power gain and drain efficiency the 2-tone intermodulation 
test is very important. This is done with 2 signals of equal 
amplitude separated in frequency by 1KHz. For output stages 

the third and fifth order products must be below -—30dB when 
compared with either of the 2 tones. 

A good example is the BLF 177 specified for an output power 

of 150W PEP at a supply voltage of 50V and a frequency 

of 28MHz. IM distortion is better than -30dB, power err 20dB min. 
and 2-tone drain efficiency 35% min. 

To obtain this performance in a practical amplifier a number of 
points is important: 


dis 


the choice of the correct load impedance. 
The resistive part (parallel component) must be: 
2 
R_= V. 2P 
L Va BS >)? 
in which V5 must be chosen 85-88% of the supply voltage. 


The reactive part has to tune out the effective output 
capacitance of the device which is appr.15% higher than the 
published ome (see also section 4.2.). 


. the drain quiescent current, i.e. the drain current at zero drive 


power. For a MOSFET a higher value is required than for a 
comparable bipolar type. A 50V devic e needs 3-3.5mA per Watt 
output power and a 28V device 6.5-7mA. 


the gate-source damping resistor Ras’ 


Lover values give better IM distortion at the cost of power 
gain. A good value for the BLF 177 is 6.25 Ohm. This value 
also guarantees good stability and an input bandwidth of at 
least 30MHz. 

Something must be done to reduce the amplitude of the second 
harmonic of the drain voltage, otherwise the amplifier will 
show saturation phenomena before the desired output power 
has been reached. In a 28MHz narrow band amplifier a drain-source 
capacitor of 40pF is adequate and in a wideband push-pull 
amplifier this function can be taken over by a mid-tapped 
drain choke of which the 2 halves are coupled inductively. 
This coupling must be as tight as possible. 
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The influence of heatsink temperature on the performance 
of linear amplifiers must still further be investigated. 
The first impression is that IM distortion and drain 
efficiency are hardly affected and the power gain drop is 
of the order of 1dB when the heatsink temperature rises 


from 25° -tor 70. ¢. 


6.2. SSB driver stages 


Driver stages in SSB transmitters must have a lower IM dis- 
tortion than the final amplifier. A generally accepted figure 
is -40dB. This can only be achieved with class-A operation. 
In the near future the type BLF 145 will be introduced for 
this type of service. Although the exact specification has not 
yet been made the first measurements give the following 
indications: 
DC operating point: Yo 28V 

I_= 1.3A 

D 

At £ = 28MHz: 
oe 8W PEP for d,< -40dB 


G >24dB 
Pp 


Also here some points must be observed: 

1. the optimum load resistance (parallel component) must be 
slightly less than the ratio of DC drain voltage and current,so: 
R <28/1.3 = 21.5 Ohn. 


We have chosen 20 Ohm. 
For the reactive component the same holds as for output stages 
(see previous section). This means for this type that an 
output capacitance (parallel component) of appr. 84pF must 
be tuned out. 

2. The gate-source resistor Rag must be lower than for class-AB 


operation. This is because of the higher effective transconduc- 
tance and load resistance leading to a higher voltage gain and 
more influence of the Miller-effect, i.e. a higher effective 
input capacitance. For this type we recommend 27 Ohm. 

In wideband amplifiers this resistance can (partly) be 

replaced by a gate-drain resistor of suitable value. 


Concerning the influence of heatsink temperature the first 
indications are that the output power for a given IM distortion 
drops by appr.10% when the heatsink temperature increases from 


25° to 70°C. At the same time the power gain decreases by 
appr.1dB. 
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TV transmitter service 
In TV transmitters vision and sound are separately amplified. 
The linearity requirement for the vision amplifier is that the 
gain compression must be less than 1dB. Our BLF 245 has been 
tested on this point at 175MHz, the lower end of TV band III. It 
appeared that the gain compression up to the full published 
output power of 30W was only a few tenth of a dB provided the 
drain quiescent current was increased from 50 to 200mA. A test 
at 225MHz has not yet been done but the only difference 
expected is a somewhatlower power gain. In general MOSFETS 
follow the 6dB per octave line like bipolar types so the gain 
reduction from 175 to 225MHz will be appr. 2.2dB. 
Drain efficiency and gain compression will hardly change. 


For the load impedance of this type of amplifiers the same holds 
as stated in section 6.1 for class-AB amplifiers in the HF range. 


TV_transposer service 


In TV transposers vision and sound are amplified together. 
Therefore the linearity requirements are more severe. The most 
common test is with 3 tones having levels of -8, -16 and -7dB with 
respect to a OdB reference level called the peak sync power. The 
frequency separation of the first and the last tone is 5.5MHz and 
the second tone can be anywhere in between. 

If the frequencies of the 3 tones are p,q and r there will be 

a 3rd order IM product at a frequency of p+r-q. This product 

must be at least 55dB down compared with the OdB reference 

level. The frequency q must be varied between p and r such that 
the IM product mentioned above is maximum. 

It can be understood that such a performance can only be realized 
with a class-A amplifier. 


Some experimental devices in SOT 119 encapsulation have been 
tested in this way at f= 225MHz. 
The DC adjustment was: 
=28V; I_= 2.85A. 
Vos 8V; p 8 


The output matching network was aligned by means of a dummy load 
consisting of the parallel connection of a 6 Ohm resistor and a 
150pF capacitor. This combination gave optimum results concerning IM 
distortion. 
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At a heatsink temperature of 25°C the average output power was 
17.3W peak sync at d.= -~55dB and the average power gain was 16.3dB. 


When the heatsink temperature was increased to 70°C the output 
power dropped to 16.3W and the gain to 15.9dB. 


This performance is comparable to that of the bipolar type 
BLV 33F although the output power is somewhat lower and the 
power gain somewhat higher. 


Investigation in this area will be continued. 
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A WIDEBAND POWER AMPLIFIER (25-110 MHz) WITH THE MOS TRANSISTOR BLF 245 


SUMMARY 


For military communication purposes a wideband class-AB power amplifier 
has been designed around the BLF 245 with the frequency range 25 to 
110 MHz. 


The DC-setting is V 728 and Th07 200mA. 


In the input and output matching networks asymmetrical 1:4 transformers 
on 4C6 ferrite core material have been applied. 
The main properties are: 


gain at he 27.5W : 17.7 +/- 0.5dB 
bandwidth | : 25 - 110 MHz 


: 28V 


Tho : 200mA 


efficiency : 55-67% 


input VSWR >< 1.6 
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INTRODUCTION 


The BLF 245 is an RF power MOS transistor for the VHF frequency range 
in a SOT 123 encapsulation. | 

For application in military communication equipment a wideband power 
amplifier has been developed with a frequency range from 25 to 110MHz. 
The transistor operates in class-AB at Vg tZ8¥ and a quiescent current 


Tg 72 00mA The useful outputpower is in the range of 25-30W. 


DESIGN OF THE AMPLIFIER 


2.1. General remarks 
The amplifier has been developed with 1:4 impedance transformers 
in the input as well as in the output circuit. These transformers 
of the transmission line type with a ferrite core transform the 
50 Ohm system impedance at the input and output to about 12.5 Ohm. 
An LC compensation circuit has been applied to transform this 
12.5 Ohm to the optimum load impedance of the transistor. At the 
input a circuit matches the 12.5 Ohm to the gate impedance of the 
transistor and also takes care of a flat gain over the whole 
bandwidth. 


2.2. Output circuit 


For an optimum alignment of the output circuit the transistor has 
been replaced by a dummy. This dummy consists of a resistor of 

12 Ohm parallel with a capacitor of 82pF. 
The real part of the dummy has been determined by the available 
drain voltage and the required output power 

R=Vi/2P +R =28°/2.30=13-1 Ohm. This is near to the value of 
12.5 Ohm mentioned in section 2.1. 

The capacitor is about 15% higher than the output capacitance of 
the transistor. 
The RF choke at the drain side must have a sufficient high reactance 
at the lower end of the frequency range. 

Choosing this reactance appr. a factor 5 higher than the transis- 


tor loadresistance we get an inductance of 455nH for L,: 


The output capacitance of the transistor can be compensated 
according to the Appendix. 


The result is: L=18.6nH and C,782PF. 
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To transform the achieved 12.5 Ohm to the 50 Ohm system impedance 
an asymmetrical 1:4 transformer has been used. 
Information about this kind of transformation can be found in 
Ref.1 and Ref.2. 


For the transformer a toroid of 4C6 material has been used. 
Dimensions: 23x14x7mm. On this toroid 5 turns of two 0./mm 

twisted enamelled Cu-wires are uniformly distributed and connected 
as shown in Fig.1 





Fig.1 Output transformer 


With the aid of a network analyser the transformer has been 
corrected for higher frequencies. : 
With C,=68pF and C=12pF the return losses in the range 20-140MHz 


are better than -30dB (VSWR<1.07). 
Optimization of the complete output circuit has been carried out by 
measuring the return losses at the output with the network analyser 
under swept condition (see Fig.2). 


Lg=18.6nH 100nF 
dummy 


82pF C49468pF C4412PF 





Fig.2 Output circuit before optimization 
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Fig.3 on page 9 shows the return losses of the output circuit 
before and after practical optimization. By decreasing L, to 10nH 
and Cio to 43pF the return losses improved about 10dB in the 
frequency range 20 to 140MHz to -20dB (VSWR=1.22). 


Input circuit 


As mentioned in section 2.1. a special circuit matches the input 
impedance of the transistor to 12.5 Ohm and also takes care of a 
sufficient flat gain over the whole bandwidth. 

To determine the gate-source impedance and the gain of the 
transistor in combination with the output circuit described in 
section 2.2., narrow band input circuits have been used at 
several frequencies. By tuning such an auxiliary input circuit 
the gain of the transistor in combination with the output 
circuit can be measured directly. 

In case the input circuit has been tuned the output impedance 

of this circuit is the conjugate complex of the input impedance 
of the transistor. 

Fig.4 to 6 on page 10 and 11 give the input impedance and the 
gain of the transistor in combination with the output circuit. 
The matching network chosen at the input of the transistor is 
depicted inFig.7. 





Fig./ Input matching circuit 


Ci represents the input capacitance of the BLF 245 which is 
appr.220pF (see Fig.5). Across this capacitor a constant 

voltage versus frequency from 25 up to 110MHz has to be developed. 
Provided Ci is an ideal capacitance the optimum dimensioning 

of this network is as follows: 
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RoR 1. 6/0, C i” 10.5 Ohm 


C,=C,= 0.386 C, = 85pF 


L=L,= 0.997 R,/w= 15.1nH 


in which is the maximum angular frequency. The calculated 
voltage variation across Cc, is +/- 0.36dB and the maximum VSWR 


seen by the generator is 1.36. 

Deviating from this calculation, for the ease of transformation, R., 
and RS have been chosen 12.5 Ohm. Further the resistive component of 
c, is substantial especially at higher frequencies. 

Therefore the values of the components have been changed in a 
computer optimization program for a maximally flat gain and a low 
input VSWR. 

This optimization results in a gain of 17.5dB with a variation of 
+/- 0.17dB and a maximum VSWR=1.177. These results have been 
achieved by changing the components of Fig.7: 


C,=97pF; C,=102pF, L=17.6nH, L,=29nH and R wie Ohm. 


The remaining part of the transformation from 12.5 Ohm to the 50 Ohm 
system impedance has been accomplished with a transformer similar 
to the output transformer. However the input transformer has been 
wound on a core consisting of 2 small toroids of 4C6 material 
(6x4x2mm). 

On this core 6 turns of two 0.25mm twisted enamelled Cu-wires 

are uniformely distributed similar to the output transformer 
described in section 2.2. (See Fig.1 on page 4). 

With correction capacitors at the high ohmic and the low ohmic 
side of respectively 8.2pF and 47pF the return losses in the 
range 20-140MHz are better than -27dB (VSWR<¢1.1). 

For the practical optimization of the complete inputcircuit the 
transistor has been adjusted at Vy728V and a quiescent current 

a candi The gain and input return losses have been measured 

in the frequency range of 20 up to 110MHz. 

The best results have been achieved by changing the correction 


capacitor C, from 47pF to 62pF and by executing R, as a parallel 


connection of 5 resistors of 61.9 Ohm. | 
Fig.8 on page 12 gives the complete circuit diagram of the BLF 245 
wide band amplifier and Fig.9 on page 13 gives the corresponding 
parts list. 
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3. MEASURED PERFORMANCE 


3.1. Constant inputpower 
Fig.10 to 12 on page 14 and 15 give the gain, efficiency and 


outputpower versus the frequency at a constant inputpower 
(P =0.5W). 


In the frequency range of 25MHz to 110MHz the gain is 17.2 
to 17.9dB, the efficiency 55 to 70% and the output power 
26.5 to 30.5W. 


3.2. Constant output power 
Fig.13 and 14 on page 16 give the gain and efficiency versus 


the frequency at a constant output power (PB =27.9W) and heatsink 


temperatures of 25°C and 70°C. 

Fig.15 and 16 on page 17 give the input return losses and the 
2e and 3e harmonics of the output signal also versus the 
frequency. The return losses have been measured at a heatsink 


temperature of 25°C and 70°C. The harmonics have been measured 


at 25°C. By increasing the heatsink temperature from 25°C to 70°C 
the gain decreases about 1.2dB. The heatsink temperature has no 
influence on efficiency and return losses. 


At 25°C the gain of the amplifier varies from 17.2 to 18.2dB, the 
efficiency from 55 to 67% and the return losses at the input are 
at least -14dB (VSWR¢1.6). 

Also the 2e and 3e harmonics are at least 14dB down. 


3.3. Constant frequency 
Fig.17 to 19 on page 18 and 19 give the output power versus input 


power and the gain and efficiency versus output power at 4 
frequencies. 


3.4. Stability 
Applying an R&S PTU low pass filter at the output of the amplifier 


stability measurements have been carried out. Choosing a low pass 
frequency as close as possible above the measuring frequency the 
amplifier was stable through the whole frequency range of 25 to 
110OMHz. 


3.5. Mismatch 
The amplifier has been tested for load mismatch at all phase angles. 
Up to VSWR=10:1 the amplifier is stable. At VSWR=20:1 the amplifier 
is only stable below 70MHz. However also at higher frequencies 
degradation of the RF perfromance did not occur. 
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4. CONCLUSIONS 


Based on the results presented in this report it may be concluded that 
it is quite possible to design a wideband amplifier from 25 to 110MHz 
with a very good performance using the MOS transistor BLF 245. 

The main properties are: 


- Bandwidth : 25-110MHz 
- Vy : 28V 
- I : 200mA 
DQ 
- Gain (Po= 27,5W) 3: 17.7 +/- 0.5dB 
- Efficiency : 55-67% 
- Input VSWR : £1.6 


5. REFERENCES 
Ref.1. A.H.Hilbers 
Application information 530 


Design of HF wideband Power Transformers. 


Ref.2. A.H.Hilbers 
Application report ECO 7703 
Power Transformers for the Frequency Range 30-80MHz. 


G. Lukkassen 
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Fig.4 Real part of input impedance of loaded transistor 
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Fig.5 Imaginary part of input impedance of loaded transistor 
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WIDEBAND POWER AMPLIFIER WITH BLF 245 (f=25-110 MHz) 


Cl = 8.2pF multilayer ceramic chip capacitor * 
C2-C5 = 100pF multilayer ceramic chip capacitor * 
C3 = 62 pF multilayer ceramic chip capacitor * 


C4=2C10= 10nF multilayer ceramic chip capacitor (cat.nr.2222 852 47103) 
C6=C7=_ 100nF multilayer ceramic chip capacitor (cat.nr.2222 852 47104) 


C8= 2.2uF electrolytic capacitor 

C9= 3x100nF multilayer ceramic chip capacitor(cat.nr.2222 852 47104) 

Clis= 82pF multilayer ceramic chip capacitor * 

C12= 43pF multilayer ceramic chip capacitor * 

C13= 12pF multilayer ceramic chip capacitor * 

Ll= 2x Ferroxcube toroids, grade 4C6 (6x4x2mm)(cat.nr.4322 020 97160) 
with 6 turns of 2x0.25mm twisted enamelled Cu-wire (See fig.1 ) 

L2= 17.6nH, 2 turns enamelled Cu-wire (0.6mm) int.dia.:3mm ,length 2.5m, 
leads 2x5mm 

L3= 28.8nH, 3 turns enamelled Cu-wire (0.6mm) int.dia.:3mm ,length 3.2m, 
leads 2x5mm 

L4= 455nH, 12 turns enamelled Cu-wire (1mm) int.dia.:7mm ,length 16.5mm, 
leads 2x5mm 

L5= Ferroxcube h.f.choke,grade 3B (cat.nr.4312 020 36642) 

L6= 10nH,1 turn enamelled Cu-wire (1mm) int.dia.:3mm 
leads 2x3mm - 

L7= Ferroxcube toroid,grade 4C6 (23x14x7mm) (cat.nr.4322 020 97190) 


with 5 turns of 2x0.7mm twisted enamelled Cu-wire (See fig. 1 ) 


Rl= 12.4 Ohm,parallel connection of 5 metal film resistors 61.9 Ohm 
(cat.nr.2322 151 76199) 

R2= 1K Ohm, metal film resistor (cat.nr. 2322 151 71002) 

R3= 1M Ohm, metal film resistor (cat.nr. 2322 151 71005) 

R4= 10 Ohm, metal film resistor (cat.nr. 2322 153 51009) 


PC-board: double Cu-clad, 1.6mm epoxy fibre-glass (€r=4.5) 


* American Technical Ceramics type 100B or capacitor of same quality. 


Fig.9 Parts list of the BLF 245 wideband amplifier 
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Fig.10 Gain at P,=0.5W 
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Fig.11 Efficiency at P5=0.5W 
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Fig.12 Output power at P.=0.5W 
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Fig.13 Gain at Po=27.5W 
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Fig.14 Efficiency at Po=27.5W 
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Fig.15 Input return losses at Po=27.5W 
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Fig.16 Output harmonics at om 27.5W 
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Fig.19 Efficiency versus output power 
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APPENDIX 


The output capacitance of a transistor can be compensated over a certain 
bandwidth by absorbing it in a low-pass Chebyshev 7? -section. 





If Cl is the transistor output capacitance the components L and C2 
must be added. 
C2=#Cl=C 
The normalized value of C is: 
Az CR 

m 
in whichW «xs 2 WE 

m max 

Now we can calculate the normalized value of L with: 


BaBA/(3A-44) 


where B ai L/R 


The maximum VSWR of this network can be calculated with the following 
procedure. ~ 
1. Determine y =1/A 


2. X= yrVy* +! 


3. VSWR= fare 1)/(X=1) P? 
In our amplifier: 
R= 12.5 Ohms 
C=82pF 

This gives: 
A=0.784 

B=1.029 
L=18.62nH 
y=1.412 

X=3.142 
VSWR=1.138 
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INTRODUCTION 


A wideband push-pull power amplifier has been developed 
for the frequency range 25-110MHz. The design is based 

on the BLF244, a silicon N-channel enhancement mode 
vertical D-MOS transistor designed for large-signal 
amplifier applications in the VHF range. This device can 
deliver 15W output power at 175MHz when operated from a 
28V supply. The transistor has a 4-lead flange envelope 
with a ceramic cap (S0T123). 

The objective was to design and construct a 30W wideband 
amplifier with high gain and efficiency and low input VSWR 
and second order distortion. With respect to gain and 
efficiency a reasonable flatness was desired. The push- 
pull design is employed because of its low second order 
distortion. 

The design and practical realization of this amplifier are 
described in the following chapters. 


AMPLIFIER DESIGN 


2.1. General 
The schematic set up of the amplifier is depicted in 





Fig.l. 
BLF 244 
RF input 
matching 
eae PF adenut ret 
9 Nw, + outpu AS 
gain network 
equalization | 
network 
) BLF 264 
Fig.1. 


Two 141 balance to unbalance transformers are 
applied; one for splitting the single-ended input 
source into two out of phase sources driving the 
transistor-inputs, the other for adding the outputs 
from the transistors. | 

Transmission line transformers are employed because 
of there excellent broadband response. These trans- 
formers consist of a twisted-wire-pair transmission 
line wound on a ferrite toroid. 
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At the input side a special matching network is 
applied to obtain a low VSWR and compensation for 
variation in gain with frequency. . 

The matching network at the output side provides the 
transistors with the optimum load for an output power 


of 30W at Vog=28V- 


Powergain, input- and output impedance 


The design has been started by determining powergain 
input impedance and output impedance of the transis- 
tor for the frequency range 25-110MHz. 


First the output impedance was determined. 
For HF and VHF the optimum load resistance RL can be 
calculated with reasonable accuracy with the formula: 


2 
_ Vos ae 
eas / 
ae 





For Vp =28V and P_=15W we get: R,=26.12. 

The oft put impedance is the parallel combination of 
the output capacitance C of the transistor and the 
optimum load resistance. 

Because of the large drain voltage swing the effec- 
tive output capacitance C_ is approx. 15% higher than 
the value of C - For BLF244 C is typical 38pF, 
so Cy is equal °fé 43.7pF. So the output impedance of 
this transistor can be represented by 26.12//43.7pF 
for the whole frequency range. 

Second the large-signal input impedance and powergain 
versus frequency were determined by measurement. For 
this purpose a single-ended test amplifier was 
constructed. This amplifier was matched at the output 
side to a load of 252 by a broadband matching 
network. Dimensioning of this network was based ona 
practical dummy transistor of 252//43pF. The maximum 
VSWR measured within the band was 1.16. 

At the input side tunable narrowband matching 
networks were applied at several frequencies. By 
tuning this amplifier for minimum return loss at 
Pyziaw the powergain was measured directly. 


For measurement of the input impedance th DC power, 
signal source and transistor were disconnected from 
the amplifier and the signal source circuit connec- 
tion was terminated with 502. After that the impe- 
dance was measured at the gate connection of the 
transistor. The input impedance of the transistor is 
the conjugate of the measured impedance if the 
circuit doesn’t contain resistive components. 
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This procedure was repeated at several frequencies in 
the band to get sufficient data for the design. 
Fig.2,3 and 4 on page 23 present the data in graphi- 
cal form. 


Output matching section 


Because of the symmetrical set-up of this amplifier - 
its matching sections can be divided into two equal 
parts. Each part belonging to one transistor. In the 
next discussion one half of the output matching 
section will be considered. 


As mentioned in the previous section the optimum load 

resistance for P _=15W and V,,.=28V is 26.182 according 
i fe) DS 

to equation (1). 

When two of these transistors are used in a push-pull 

configuration the optimum load resistance adds up to 

52.22. This value is very close to 502 to which these 

transistors have to be matched. So, if we choose the 

optimum load resistance to be 502 we can suffice with 

a 1+1 balance to unbalance transformer. 

The output capacitance C._ of the transistor can be 

compensated over a certain bandwith by absorbing it 

in a low-pass Chebyshev n-section, see Fig.5.- 





Sal ea ors aa aa a 
| 
| 
Re Co ! 
| 
— ae ee hea 
Transistor Load 
output Fig.5. 5. 


R, represents the optimum load resistance for the 
transistor. The components L5 and C12 can be deter- 
mined with the following formulae if R,=R and - 
C =C12=C: 

The normalized value of C is: 


A= We OR (2) 
in which ©,,.-27hno, 


The normalized value of L5 can be calculated as 
follows: 7 


Game Se: (3) 
R 
g=— (4) 
3A + & 
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The maximum VSWR of this network follows from: 


ic 2 
; X~ + f (5) 
VSWR ingx = a eats 
X~ - 7 
2 1/2 
in which Xe f.01% 27) 
and Y= 1%A 


For this section R=252 and C=43pF. This results in: 
A=0.7430 >» B=1.0509 >» L5=38nH and VSWR ott 156. 

In practice this circuit comprises some additional 
components, see Fig.6. 


C6 
a L5 





Co 
ah Hl R=25 Chm 





These are: | = 
L - the parasitic drain and source inductance 


P which has been accounted for by this way. 
Its value is approx. 1.4nH. 
Lia - the drain choke inductance which equals approx. 


Q0.8uH. Determination of this inductance will be 
treated in a later chapter. 


bios” the parasitic series inductance of C12, which 
is approx. Il1nH. 


Ce - the DC-blocking capacitor which is also 


employed for low frequency compensation 
of Lipo: | 
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The value of C, is calculated with the aid of the 
information given in ref.[1]. The drain load circuit 
for low frequency is shown in Fig.?7. 


C6 
25 Ohm a 
i ies R=25 Chm 
Fig./ 


Compensation according to ref [1] gives at f=25MHz: 


C-=1.28nF with VSWR = 1.04. 
max 


6 
The circuit in Fig.6 was optimized for the frequency 
range 25-110MHz. For this purpose a computer optimi- 
zation program was used. The criterion used was for 
overall minimum VSWR with respect to 252. 


The results before and after optimization are shown 
in the table below. 


Before optimization After optimization 

Ce = 1.28nF Ce = 7.9nF 

Le = 38nH Le =34.6nH 

C = 43pF C =37.9pF 

VSYR_ = 1.169 VSGR = 1.098 
max max 


Input matching section 


The purpose of the input matching section is two- 
fold. First to match the transistor input impedance 
to the source impedance of 502 with a sufficiently 
low VSWR across the frecuency band. 

Second to compensate the variation in gain with 
frequency. 


The input matching section chosen is depicted in 
Fig.8 for one transistor. 
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Lt pro ----- 





Bo ee 
Signal source Transistor 


input impedance 
Fig.8 


Since the input impedance of the transistor is 
strongly capacitive, Zi can be approximated by an 
ideal capacitor. This network can then be treated as 
a symmetrical double pi-section, see Fig.9. 


Ef L3 





Fig.9 


In order to get sufficient gain flatness a constant 
voltage has to be developed across capacitor Ci. For 
optimum dimensioning of this network the following 


formulae are valid: 


Rg=R2=1.6/Aw,,.Cil (6) 
Ci=C5=0.386«Ci (7) 
L1=L3= 0.997*Rg/um (8) 


in which Wm is the maximum angular frequency. 

These formulae have been obtained by a computer 
optimization program which also indicates that the 
maximum voltage variation across Ci is + 0.36dB and 
the maximum VSWR seen by the generator 1.36. When the 
input capacitance at the lowest frequency is chosen, 
which is approx. l1l7pF, we find that: 


Ree RE = 19380 
Cl = C5 = 45.2pF 
Ll = L3 = 28.6nH 
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In practice Rg is equal to 252 and Zi varies with 
frequency. This required a re-optimization of this 
network with the actual values of Zi and Rg. The 
values calculated above were used as the initial 
values and parasitics of Cl and C5 were included. The 
target gain was set to 17.5dB. 

The results of this optimization are shown in the 
table below. 


Before optimization After optimization 
Cl = 45.2pF Cl = 60.1pF 
C5 = 45.2pF C5 = 47.5pF 
Ld = 28.6nH L1 = 36 nH 
L3 = 28.6nH L3 = 43.8nH 
R2 = 19.82 R2 = 20.82 

Rg = 25 Q Rg = 25 & 
WSMR 33 = 1.812 VSWR ox = 1.376 

G min = 15.8dB G_min = 17.1dB 

G* max = 16.9dB Ghmax = 17.9dB 


3. TRANSFORMER DESIGN 


oe 


Ls 


General 
As mentioned before transformers employed at the 
input and output side utilize twisted-wire-pair 
transmission lines wound on a toroidal core. 
The windings are uniformly distributed around the 
toroid. The required characteristic impedance of the 
transmission lines is 508. In practice Zo will differ 
from this required value and compensation measures 
will be necessary [2]. This can be achieved with: 
- parallel capacitances across input and output 
terminals of the transformers if 205502. 
-~ inductances in series with the input and output 
terminals of the transformer if Zo<50Q8. 
The result of this compensation is an exact match at 
the maximum frequency. There will be however, a 
slight mismatch at low frequency which is many times 
smaller then that at the maximum frequency without 
compensation. Because the amount of HF compensation 
will depend on the circuit layout and the exact 
transformer construction no calculations will be made 
on this aspect of the transformers. The amount of 
compensation will be determined in the circuit by 
employing adjustable capacitors. 


Design of the output transformer 


The characteristic impedance of 502 for the transmis- 
sion line of the output transformer has been obtained 
with enamelled copper wire of 0.6mm diameter. Its 
diameter with isolation included is 0.66mm. 

The number of twists applied are 2 per centimeter. 
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A suitable core material for this frequency range is 
Philips 4C6 grade available in several sizes of 
toroid. The size of the toroid is determined by the 
maximum ,allowable dissipation which is limited to 
350mW/cm™ to prevent excessive rise in temperature. 
Designing for a maximum of 1% power loss in the core 
(300mW) the minimum effective volume required is: 


p 300 
Ve loss Ge ees ca 


MIN” 350 mw/em> S5u 


The smallest toroid that is suitable is a core with 
dimensions Dxdxh=23x14x7mm corresponding with a 
effective core volume of 1.J79cm”. As a result the 
core loss reduces to 170mW/cm 
According to reference [3] this corresponds to a 
maximum flux density (B) of O.2mT at 110MHz. The 
required number of turns is determined by the ratio 
Rp/L in which Rp is the loss resistance that repre- 
sents the core loss and L the inductance in parallel 
with the output terminals, see reference [4]. 
This ratio is equal to: 
Le? 

Ry/L = ws Bove ‘9) 

2. Mo Hr-Ploss 


which amounts to: 


6,2 3,2 26 
x7T x oe gee 1C )°x179x10 
Ro /L g CROTON ERC oe = 472 Ohm/uH 


2*4*TTX 10 °* 120% 0.3 


To keep the core loss below 1% we must keep the 
parallel loss resistance above 50002 with reference 
to 502. This means an inductance of: 


L=Rp/472=: 10.6 UH 
B 


A 
a er cai 
50 Oh 50 Ohm 


m penal alien 


Fig.10 
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Between point A and B in Fig.10 the voltage is one 
half of the output voltage. Therefore the inductance 
between these points must be a quarter of that across 
the 502 terminals, so: 


Lap 7 L742 10.6/4=2.65uH 


The number of turns required can be calculated with 
the following formula [3]: 


L=Ay.N* (10) 
— O4x*T Xp, ja 
Lv EMA 


in which: A is the inductance factor in [nH] 

veya is the core constant in [mm ~] given 
in [3] 

N is the number of turns 

Ur is the relative permeability (120 
for grade 4C6). 

For a toroid of 23mm the core constant is ig Oat 

So, the inductance factor amounts to: 


_ 04x70 x 120 


A= = 63.3NH 
L 181 


and the required number of turns: 


3 
Nea] S20 SFIO™ 2 Ee tiene 
Vo 33 


In practice the number of turns will be 6, so the 
inductance in parallel with the output terminals 
rises to: 


(6/5.6)** 10.6= 12 pH 
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This corresponds to a reactance of 18852 at 25MHz 
which is high enough to be neglected. 
The core loss reduces to: 


(5.6 /6)7x 1% =0.87% 


The measured value of L was approx. 3.5uH. 


AB 
Design of the input transformer 


The input transformer is of the same type as the 
output transformer and is also designed in the same 
way. 


To obtain a characteristic impedance of 502 for the 
windings enamelled Cu-wire with a bare diameter of 
0.50mm is used. The diameter with isolation included 
is 0.55mm. The number of twists applied is 2 3/4 per 
centimeter. 


Allowing an input power level of 1.5W the minimum 
effective volume for 1% power loss in the core is: 


2 : 3 
Vein = /5ta00 5: 0-043°CR) 


The smallest toroid that suits our need is a type 
with dimensions Dxdxh=9x6x3mm. The effective core 
volume is 0.105cm™, so the core loss reduces to 
143mW/cm”>. This corresponds to a maximum flux density 
B of approx. 0.18mT at f=110MHz according to ref.[3]. 
The ratio Rp/L amounts to: 


(2 7x 110x10°)* «(0.18 x 1073) 0,105* 1076 


Rp/L= 7 
2*4* 70X10 “X 120 x 0.015 


= 360 Ohm/pH 
For 1% loss L amounts to: 


L= Rp7360 = 5000/7360 = 13.9 tH 


So Lng 13-974 = 3.48 UH 
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The required number of turns for a 9mm toroid with a 
core constant of 5.1/7mm is: 


At 0.4 77x 120 
ciara 
547 


348%103 
Ne ——————. =f] turns 
29.2 


An inductance of L=13.9uUH corresponds to a reactance 
of 21832 at 25MHz which is high enough to be neglec- 
ted. — 


= 292NH 


According to measurements 10 turns were sufficient to 


obtain Lap = 34. 5uH. 


The tapped choke (T2) 


The chokes in the drain circuits are wound on a 
common ferrite rod. The windings are twisted toget- 
her. Constructional details are shown in Fig.11. With 
this arrangement the dc flux components in the core 
cancel out and a much smaller component results. 
Because a rod has a open magnetic circuit saturation 
effects will hardly occur. 

In Fig.12 the output part of the amplifier is given 
in a different way. 


Fig.11 
+Vad A 
nh 
ae, 
a Fload 
ate 
-Vd : C 
Fig.12 
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The current sources have a frequency spectrum in 
which the even order components are in phase and the 
odd order ones in anti-phase. 

For the even harmonics the impedance between point A 
and C will depend on the coupling factor K between 
the windings with: 


= { 
WL pall K) 12} 


If the coupling factor amounts to 1 points A and C 
will be short circuited. If the current components 
are in anti-phase the total inductance between these 
points shunts the load resistance. Because the 
voltage between point A and B is equal to %*% V the 
total inductance Lac is equal to 4 Lap i the 
coupling factor is l. 

The reactance of this shunting inductance is allowed 
to be at least 4 times the load resistance or 2002 at 
LOMA 2s 50% Lac amounts to 1.27uH and Lap to 0.318pH. 
To obtain the inductance L a ferrite rod grade 4Bl 
has been used with a length of 30mm and a diameter of 
Smm. According to ref.[3] its relative permeability 
is equal to 20. The number of turns can be determined 


withs 
Nz eee (13/ 
V pope A 
For L this amounts to: 


AB 





0.318 x 107°« 30x 1074 
N= ——  ——- 2 h-4 turns 


Lx 1x 107 x Wax ™x (5x 1973) 4 


In practice 5 turns will be used so L will be equal 
to 1.6yuH. The measured value for L was 0.48uH at 
25MHz. The windings are constructed of enamelled 
copper wire of 0.8mm diameter. 
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AMPLIFIER CONSTRUCTION 


4.1. Printed circuit board and component layout 


The printed circuit board of this amplifier is made 
of two-sided copper clad epoxy fibre glass (e€er=4. >) 
laminate of 1/16" thickness. 

Circuit components are situated on one side of this 
board, the other side serves as ground plane. A full 
sized pattern of the printed circuit board and 
component layout is given in Fig.14 and 15 on page 
22. The parasitic inductances of the printed tracks 
are absorbed in the inductances of the matching 
networks. Connections to the ground plane are made 
by means of tubular rivets, straps under the source 
leads and at the N-connectors and the mounting 
screws. 


4.2. Heatsink 

The printed circuit board is attached to a solid 
copper plate, with dimensions 120x100x10mm, ‘«rhich 
functions as a heatsink.It is provided with a tube in 
order to control its temperature by means of a water 
cooling system. Good thermal contacts between 
transistors and heatsink is obtained by use of a 
heat-sinking compound. 


AMPLIFIER ALIGNMENT 


The amplifier was constructed according to the theoretical 
design procedures. Fig.13 on page 20 shows the total 
circuit diagram of this amplifier. Parallel matching 
components as C1,C5 and Cl2 are connected directly from 
one side of the circuit to the other. Therefore their 
values are exactly one half of those calculated. The 
component list is given on page 21. 


Alignment of this amplifier was first done on a small 
signal basis. First the output circuit was aligned by 
replacing the BLF244 transistor with dummy loads, repre- 
senting the conjugate of the optimum load impedance. The 
dummy’s consisted of a 252 resistance and a 43pF capaci- 
tance. Several components in parallel were used to obtain 
symmetry and to reduce parasitic inductances. These 
components were soldered in an empty S0T123 header. The 
return loss was measured versus frequency at the load 
connection of the. amplifier and minimized by applying 


compensation capacitors between the terminals of the 


output transformer. At the load side of the transformer 
3.6pF (C13) was needed and at the transistor side C12 was 
increased from 20pF to 22pF. The maximum VSWR obtained was 
52 2s 
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Alignment of the input circuit has been done with the 
transistors in the circuit and supply and load connected. 
The quiescent drain current was set to approx. 200mA per 
transistor and return loss was measured versus frequency. 
Experiments with capacitors in parallel with the input 
transformer terminals showed that no compensation was 
needed. The maximum VSWR obtained was 1.30. 


After the small signal alignment the transistors were set 
to class-B operation by decreasing the quiescent drain 
current to 25mA. 
see first results obtained at P p= 30W were: 

=15.6 + 1.2dB; Eff£.=61.3 + 10%%5 vswR <1.40 and second 
aD ageee level <¢-33dB. 


In order to improve the total performance of this ampli- 
fier especially with respect to gain flatness, variation 
in efficiency and second harmonic level some minor changes 
were introduced in the amplifier. 


At the input side the circuit configuration shown in 
Fig.16A was changed into that of Fig.16B. No appreciable 
improvement was achieved with respect to gain performance 
but variations in efficiency reduced to + 6%. However, at 
the lower side of the band the second harmonic level 
increased to -28dB. 





(Al | (B) 
Fig.16 
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Raising the quiescent drain current to 50mA improved the 
gain with approx. 0.3dB. However,the efficiency decreased 
with approx. 0.82%. 


A resistance of approx. 122 from the mid tap of the drain 
choke T2 to ground instead of direct grounding increased 
the average efficiency with approx. 1% and its variations 
decreased to + 2.8%. The second harmonic level improved 
with 2dB. 


The input balun was originally connected as shown in 
Fig.17A. For a perfect symmetrical push-pull amplifier it 
does not matter which terminal is grounded. In this case 
exchange of the terminals strongly affected the second 
harmonic level. For the case of Fig.17B this level 
improved to <-40dB. 


to Trans.] fC Trans. f 
500 Bee eye be te 


Source ee Source : {VY 
fo Trans.2 toTrans.2 
(A) 


(B) 


Fig.1/7 


Finally the value of the resistors shown in Fig.16 was 
increased to 23.7&.This improved the gain flatness to 
approx. + 0.6dB. The input VSWR increased to 1.5. 


AMPLIFIER PERFORMANCE 


6.1. General 
Measurement of the amplifier performance was carried 
out under nominal conditions unless stated otherwise. 
These conditions are: 


Supply voltage V,,=28V 
Quiescent drain current Ii =50mA 
Heatsink temperature Ty. B25 C 
Measurements were done af S10 frequencies within the 


band and 2 frequencies outside the band. 


The BLF244 samples used, are matched on their 
threshold voltage V, The measured parameters of 
these transistors wheeh can be relevant for balanced 
operation are given on the next page. 
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71 T2 
H0VE12onA) v7. 3.4% 3.14 
oT “ds _-10V; i g=750mA) [mS] 794 838 
Co S _28V; jVegrOVifaIMHz [pF] 4.46 4.21 


The largest asymmetry observed in the drain current 
was + 3% at f=25MHz and P= 30W. 


6.2. Performance at constant output power 


Measurements of the performance at a constant output 
power 30W were carried out at two heatsink temperatu- 
res, viz. T a25°C and 70°C: 
The results obtained are: 
Powergain = 15.7 + 0.7dB, see Fig. 18 on page 24; 
Drain eff.= 60.6 + 3.3% , see Fig. 19 on page 24 
Input return loss <-14dB (VSWR<1.50), 

see Fig. 20 on page 24; 
Second harmonic level <-40dB, see Fig.21 on page 25; 
Third harmonic level <-14dB, see Fig.22 on page 25. 


Av oT 290 2the powergain decreased with approx. 1.2dB 
see Pie. 18 on page 24. 
The other parameters showed no appreciable change. 


6.3. Performance at constant input power 


Performance of this amplifier was also-measured at a 
constant input power of 700mW. The result obtained 


are: 
Output power =27.9 + 2.3W, see Fig. 23 on page 26; 
Power gain =16.0 + 0.3dB,see Fig. 24 on page 26; 
Drain eff. =59.0 + 


4.5%, see Fig. 25 on page 26; 


6.4. Performance at constant frequency 
Fig 26 to 28 on page 27 show the following curves 


measured at 5 different frequencies: 


- Po = £ (P,) 
-G = £ (PO) 
~ EBPE.= £ (P°) 
oO 
CONCLUSIONS 


Using two BLF244 MOS transistors (matched on threshold 
voltage) in a push-pull configuration approx.16dB power 
gain and 60% drain efficiency have been obtained for an 
output power of 30W, when operated with a quiescent drain 
current of 50mA per transistor at V,_=28V. The largest 
asymmetry observed in the drain current was + 3% at 
P out zoow and £=25MHz. The input VSWR was below 1.5. 
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Throughout the band the second harmonic level was lower 
than -40dB with reference to the fundamental. At a 
heatsink temperature of 70 C the powergain decreased with 
approximately 1dB while the other parameters showed no 
appreciable change. 
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LIST OF COMPONENTS 


Capacitors 


Cl=30pF; multilayer ceramic chip capacitor * 

C2=C3=C6=C7=C8=C9=10NF; multilayer ceramic capacitor 
(cat.nr. 2222 852 47103) 

C4=2x10nF; multilayer ceramic chip capacitor 
(cat.nr. 2222 852 47103) 

C5=24pF; multilayer ceramic chip capacitor * 

C10=C11=100nF; multilayer ceramic chip capacitor 
(Gat.nrs, 2222: 652 47104) 

Cl2=22pF; multilayer ceramic chip capacitor * 

C13=3.6pF; multilayer ceramic chip capacitor * 


Inductors 


Ll=L2=27nH; 3 turns enamelled Cu-wire (0.8mm); 
int.dia.=-4.0mm; length=6.1mm; leads 2x3.0Omm 
L3=L4=48nH; 4 turns enamelled Cu-wire (0.8mm); 
int.dia.=4.0mm; length=6.2mm; leads 2x1.0Omm 
L5=L8=30nH; 3 turns enamelled Cu-wire (0.8mm); 
int.dia.=4.0Omm; length=4.8mm; leads 2x2.Omm 
L6=L/7= Ferroxcube RF choke, grade 3B (cat.nr.4312 020 36640) 


Resistors ~ 


Ri=l KQ; metal film resistor; 0.4W . 
R2=R3=23.72;3; metal film resistor; 0.4W 
R4=12.12; metal film resistor; 0.4W 


Transformers 


Ti- 1+1 Balun; 10 turns of twisted pair of 0.5mm enamelled 
Cu-wire (2 3/4 twists per cm) wound on a 
toroidal core grade 4C6, dimensions (9x6x3)mm 
(cat.nr.4322 020 97191). 

T2- Drain choke; 5 turns of twisted pair of enamelled Cu-wire 
(4.5 twists per cm) wound on a ferroxcube rod 
grade 4Bl1, dimensions (5x30)umun, 

T3- 1+1 Balun; 6 turns of twisted pair of 0.6mm enamelled 
Cu-wire (2 twists per cm) wound on a toroidal 
core grade 4C6, dimensions (23x14x/7)mm 
(cat.nr.4322 020 97171) 


Printed circuit board: double sided Cu-clad epoxy fibre- 
glass laminate (er=4.5), thickness 1/16" 


* American Technical Ceramics capacitor type 100B. 
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Fig.21 2nd harmonic level versus frequency 
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LINEAR PERFORMANCE AND NOISE FIGURE OF THE 
WIDEBAND 30WATT PUSH-PULL AMPLIFIER FOR THE 
FREQUENCY RANGE 25-110MHz WITH TWO MOS 
TRANSISTORS BLF244. 


INTRODUCTION 


e 


In application report RNR-1-149-1987-AS a description is 
given of a wideband power amplifier for the frequency range 
25-110MHz. This amplifier is primarily designed for non- 
linear operation at an output power of 30 Watt. When this | 
amplifier is used in VHF frequency hopping equipment for | 
military communication purposes linearity is required to some 
extent, d, <-26dB. | 

Also its noise performance is important. To investigate these 


aspects of the amplifier additional measurements have been 
carried out. 


LINEAR PERFORMANCE 

A two-tone intermodulation distorrion test has been performed 
on this amplifier. The tone separation was 10KHz. Measure- 
ments were first carried out under nominal conditions, which 


are: 

Supply voltage Vad = 28 Volt 
Quiescent drain current Ii = 50mA/transistor 
Heatsink temperature Th x 25°C 


It appeared that the chile. order intermodulation distortion 
product IMD(d3) was the strongest in the output signal. This 
was <¢-22.5dB with reference to one of the two tones at the 
high end of the band. It also appeared that the IMD products 
increased at lower power levels. 

Linearity measurements were repeated at a higher quiescent 
drain current corresponding with class-AB operation. 

At I, =12.5mA transistor IMD(d3) improved to <-26.5dB. 

It also turned out that the IMD products at lower power 
levels did not increase as in the previous case but stayed 
nearly constant or decreased. . 
Page 3 and 4 show IMD (d3) versus the peak envelope output 
power at four different frequencies. Curves are given for 
both I, =50mA and Ty =125mA. 

On page powergain qa efficiency versus frequency are given 
based on two-tone measurements. 

At I, =125mA the powergain is approx. 1dB higher than the 


powergain at Ia =50mA. The drain efficiency is approx.3% 
lower. 4 
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Input return loss and output second harmonic suppression at 
Tag igus were better than -13.5dB resp. -37.5dB. 


NOISE PERFORMANCE 


Noise measurements, were performed at several frequencies in 
the band. Laboratory facilities restricted the lowest 
frequency of measurement to 40MHz. The table below contains. 
the measured noise figure of the amplifier at four frequen- 
cies obtained with the noise generator method. 

The quiescent drain current was set to 500mA per transistor. 





CONCLUSIONS 


This amplifier can only meet the linearity requirement of <- 
26dB over the whole frequency range 25-110MHz2 if it is 
operated in class-AB with I, =125mA. 

When operation is considered only in the band 30-88MHz its 
IMD is better than -31dB. 

The measured noise figure at Egg 2 0ms is 4-5dB. 
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A 3-STAGE 10W POWER AMPLIFIER FOR THE 470 MHZ BAND, 
OPERATING FROM 13,5V SUPPLY VOLTAGE 


A. Boekhoudt 


For application in mobile radio transmitters a 3-stage power amplifier 
has been designed for the 400-470 MHz frequency band. An output power 
of 10W is produced at a supply voltage of 13,5V. The following 
high-gain U.H.F. transistors have been used: BFR95-BLW80-BLW81. 

The required drive power is 25mW and the overall efficiency is between 
53 and 59%. 

The amplifier is stable for load mismatches up to a VSWR of 8.7 

(any phase) combined with any input drive up to an output power of 10W. 
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SUMMARY 

Figure A shows the detailed circuit diagram. It is a three stage 
power amplifier for the frequency range of 400 to 470 MHz with the 
pre-driver and driver transistors operating in class AB and the 
final transistor in class B. The transistors applied are: 

BFR95, BLW80 and BLW81 at a supply voltage of 13,5V. 

To reduce the variation of output power with supply voltage an 
automatic control circuit for the supply voltage of the pre-driver 


PHILIPS 


has been applied. 

In the output network of the amplifier a stripline circuit has been 
used, the other matching networks are built with conventional 
inductors and capacitors. 

The amplifier is made on PTFE glass-fibre P.C.-board, copper clad 
on both sides. 

Some typical results are: Pe = 25mW, - = 10W; gain 26dB. 


f (MHz) vee (A) eff (%) 
400 13 57,0 
420 125 993 
440 1633 D151 
470 1,4 ay ae) 
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The amplifier is stable for load mismatches up to a VSWR of 8,/7 
(any phase) combined with any input drive up to an output power 
of 10W. 
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1. INTRODUCTION 
The BLW80 and BLW81 are new U.H.F. power transistors to be used in 
mobile radio transmitters. Together with the BFR95 a three stage 
amplifier can be built for l1OW output power with a drive power of 
25mW. The supply voltage is 13,5V and the frequency range is from 
400 to 470 MHz. 
The BFR95 is derived from the BFR94 and mounted in a T0-39 envelope 
with the collector connected to the case. 
The BLW80 and BLW81 are encapsulated in a ceramic envelope with 
z inch stud (SOT-122). 
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2. DESIGN CONSIDERATIONS 
The first experiments were done with the transistors BLW/9-BLW80- 
BLW81. In that case the BLW79 had to deliver only 400mW, compared 
with 2W for which it is specified. To obtain a reasonable stability 
in this stage the supply voltage had to be reduced to approx. 6V. 
The voltage drop of 7.5 volt was achieved with a variable series 
resistor. So it was also possible to control the collector supply 
voltage. 
After this amplifier was realized, we tried to make it cheaper. 
The BLW79 was replaced by a BFR95. The resistor in the collector 
supply lines was not omitted because the BFR95 can deliver 1W and 
so it is possible to contro] the output power for a constant 


NV. Philips’ Gloeiiampenfabrieken - Eindhoven - The Netherlands 


part, nor disclosed to third parties without the written consent of: 
Product Division Electronic Components and Materials 


The contents of this report are not to be reproduced, in whole or in 


input power. 


A problem with the amplifier was that during variation of the drive 
power it stopped when the output power became under 3W and it 
started again for an output power of 5W. This on-off jumping has 

to be avoided. A solution to this problem was, to adjust the 
predriver and the driver in class AB. 
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A 20% reduction of the battery voltage caused a decrease in 
power of about 50% which is too much. 

The solution was to replace the resistor in the collector supply 
line of the BFR95 by an automatic control circuit (see figure 1). 


CIRCUIT DESCRIPTION 


The output impedance of the BLW81 at 435MHz is 5,6-j2,5 ohms. 
Here a stripline is used to transform this impedance to an 
impedance with a resistive parallel component of 150 ohn, 
which is matched to 50 ohms with the aid of two trimmers. 
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The output impedance of the BLW80 is 5,7-jll,2 ohm. 


The input impedance of the BLW81 is 1,31+j2,21 ohm. 

Both values hold at a frequency of 435 MHz. 

Capacitors Ci and Cio have been dimensioned such that their 
total reactance is twice the equivalent parallel input reactance 
of the transistor. The rest of the matching has been made in two 
steps with an intermediate impedance of 200 ohms at the 
interconnection point of Le and Cio: The capacitance from this 
point to ground is formed by the track on the p.c. board. 
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3.3. The interstage network between BFR95_and BLW80 
The output impedance of the BFR95 is 26-j41 ohm and the input 
impedance of the BLW80 is 2,1+j2,3 ohm. 

The network is calculated in the same way as the interstage 


network of the BLW80-BLW81. 


The input impedance is 11,35-j6,2 ohm. The impedance transformatio 
to 50 ohms has been made in the conventional way. 


4. CONSTRUCTIONAL DETAILS 
The printed circuit board is 1,5 mm (1/16 inch) PTFE-fibre glass, 
copper clad on both sides. The emitters of the BLW80 and BLW81 are 
connected to earth by means of copper strip between the upper and 
lower side of the p.c. board. The BFR95 is mounted on the upper 
Side of the p.c. board while here rivets are used to make contact 
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between both sides. 


5. MISMATCH TESTS AND SPURIOUS GENERATION 
An important requirement is that the amplifier must be stable 
and has to survive mismatch tests applied at the output. 
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The stability tests have been done according to the following 
specifications: 

. Measuring frequencies: 400-420-440-470 MHz 

13 ,5V 

. output power = 10W 

. drive level P. = 25mW 

. VSWR (output) 1:8.7 (0-360°) 

. heatsink temperature approx. 20°C 


. supply voltage Vy 


Tests have been made with the set-up shown in figure 2 

in which the spectrum analyzer HP8558B plays an important part. 
A Rohde and Schwartz signal generator type SMLU has been used. 
The frequency counter is a Philips type PM6615. 

The forward and reflected power at the input is measured by a 
Rohde and Schwartz watt-meter and matching indicator, type NAU. 
The output power is attenuated 30dB by a Bird attenuator. 

The power is measured by a Hewlett-Packard power meter type 435A. 
The mismatch tests were done with a normal 1dB power attenuator 
and a reactance unit. 

The currents were measured with a Hewlett-Packard clip-on meter 
model 428 B. 
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36° Figure 2. Test set-up 
aac e 
Ese 
e225 | 6 MEASUREMENTS 
g2 82 At every test frequency, the interstage and output trimmers were 
233% tuned for maximum output power and the input trimmer for minimum 
eee) 2 ae 
E288 reflection. 
ee At the same time the output power was adjusted at 1OW by means of 
raza 
Re. 
The results are: 
—_ p= 25mW| P= 10W Gain = 26¢8 
f (MHz) | Iz, (mA) |Iz> (mA) | Iyp7 (A) 
400 1937 320 Lig | 
420 
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ae 
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For an output power drop of 0.5W the instantenous bandwidth is 
1.7% and for an output power drop of 1W it becomes 2.5%. 


A 20% reduction of the battery voltage causes a maximum output 


power decrease of 36%. 
The amplifier is stable for load mismatches up to a VSWR of 8,7 


(any phase) combined with any input drive up to 25 mW. 
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8. - PARTS -LIST 
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Ry» Ros Ras Ros RyQ = 10 ohm, carbon, + 5%, CR37 style 
Ry = 1,2k ohm, carbon, + 5%, CR25 style 

Re = 220 ohm, carbon potmeter 

Re = 1,5k ohm, carbon, + 5%, CR25 style 


Rz = 680 ohm, carbon, + 5%, CR25 style 
= 0,27 ohm, wire wound, + 10%, 2W 












Ci» C, = 10pF, 500V ceramic 
Co» Ci4 = 2-18pF, film dielectric trimmer (cat.nr. 2222 809 09003) 
C. = 100pF, 500V ceramic 
Cy» Cos C33 = 100pF, ceramic feed-through capacitors 
Ce. Cio: Cis = 2-18pF, film dielectric trimmer 

(cat.nr. 2222 809 05003) 
Ci, Ce, Cia Cio = 18pF, chip capacitor (cat.nr. 2222 851 13189) 











C16: Cig: Cig = 100nF, polyester, + 10% 
Caz = 1,5nF, 500V ceramic 
Co = 22nF, 63V ceramic 






Coy = 33 UF aluminium electrolytic, 16V 











Fas Fa, Fas Fe = ferroxcube bead with 3 turns of 0,6 mm 
CuEm wire, cat.nr. of bead 4313 020 15172. 
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= 14nH; 0,5 turns, D. ot = 4,5 mm, d = 1,0 mm Cu wire, 






leads 2x5mm. 







Lo» Le» Lig 7 6 turns, Ds at = 4mm, d = 0,6 mm CuEm wire, closely 
wound, leads 2x5mm. 
L. = 115nH; 5 turns, D. at = 5 mm, d = 0,6 mm CuEm wire, closely 
wound, leads 2x5mm. 
La = 15nH; 0,5 turn, Ds at = 5 mm, d = 1,0 mm Cu wire, leads 






2x5mm. 
= 7nH, printed on p.c. board 
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L, = 80nH; 6 turns, D = 3,5 mm, d = 0,6 mm CuEm wire, closely 
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/ int 
wound, leads 2x5mm. 
Le = Lenk? 0,5: turn. Ds at = 3.5 mm, d = 1,0 mm (Cu wire, 
leads 2x5mm. 
Lo = 7nH, printed on p.c. board 
Li? 20nH; 2 turns, D.4 = 3 mm, d = 1,1 mm CuEm wire, closely. 
wound, leads 2x5mm. 
Lio = stripline 58,8 mm x 6 mm (R. ~ 38 ohms) 
Ty = BFR95 
To = BLW80 
<2 T3 = BLW8l 
aE Ty = BC548 
eff: T, = BD136 
8285 
iT D, = BAZI16 
Bia: Do = BZX79-C6V2 
23 
Soe ey aoe 
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ABSTRACT 


The 30W amplifier described in this report is ment as a booster 
for a 10W mobile radio transmitter in the 400-470MHz frequency 
band. It has been tested in combination with an already 
existing 3-stage amplifier for this band. The power transistor 
applied is the BLW82 at a supply voltage of 13,5V. 

The combined amplifiers have a power gain of nearly 31dB and 
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they are stable with load mismatches up to a VSWR of 8,7 (any 
phase) combined with any input drive up to an output power of 
30W. 
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SUMMARY 


The UHF power amplifier (400-470MHz) described in this report is 
ment as a booster for the three-stage UHF amplifier described in 
report ECO 7804. The output power of the booster is 30W. It operates 
in class B and the transistor used is the BLW82 with a supply 
voltage of 13,5V. 

In the input as well as in the output network striplines have been 
used. The amplifier is printed on a double copper clad PTFE glass- 


PHILIPS 


fibre board. 


Some typical results of the four stage amplifier are: PA = 25mW; 
Ps = 30W; Gain = 30,8dB. 


f (MHz ) 1, (A) Tt fA) eff, (%) overall eff(%) 
400 4,3 O55 D256 43,1 
420 359 4,15 67,3 5355 
440 ore, 4,6 60,1 48,3 
470 3,4 35 65,4 49,4 


I, and eff, are respectively the collector current and the 
efficiency of the BLW82. 
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The amplifier is stable for load mismatches up to a VSWR of 8,7 
(any phase) combined with any input drive up to an output power of 
30W. 
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Introduction . 

In report ECO 7804 a description has been given of a three-stage 
UHF amplifier for 10 Watts output and a drive power of 25m, 
using the transistors BFR95, BLW80 and BLW81. In this report 
application information will be given on a booster amplifier for 
the above mentioned one. In this booster the BLW82 has been applied. 
It produces an output of 30W over the frequency range of 400 to 
470MHz. The supply voltage is 13,5V. The BLW82 is encapsulated in 
a 6 leads 4 inch flange envelope with a ceramic cap. It contains 
a built-in matching section at the input to raise the real part 
of the input impedance, by which the Q-factor of this impedance 
1s reduced. 


Circuit description 

The input impedance of the BLW82 at 435MHz is 1,3+j2,9 ohms 

and the output impedance 2,6+j1,7 ohms. Both impedances are matched 
to 50 ohms in two steps. In both cases up-transformation has been 
achieved by means of a stripline, which has been dimensioned such 
that at the end of the line the resistive parallel component of 

the impedance is between 100 and 150 ohms. These impedances are 
matched to 50 ohms by series and parallel capacitors, see figure l. 


C; 


yy 
il 
figure 1 
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3. Construction 
The circuit used as booster was originally a test circuit for 
470MHz, but to make it also suitable for 400MHz, some additional 
capacitance is required in parallel with C,- 3 and Ce- 7 (see 
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figure 3). A better solution for the capacitors C,-C3-Cg and 
Cg-C5-Ciy is to use a trimmer with a maximum capacitance of 18pF 
in parallel with ceramic capacitor of 3,3pF. | | 
During mismatch tests it appeared that the amplifier produced 
some spurious oscillations. The remedy was to put in series with 
the base choke, the parallel connection of a 10 ohm resistor and 
a ferroxcube choke. 

A copper strip under the emitters is used to get a good contact 


between upper and lower side of the PC board. 


- The Netherlands 
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4, Mismatch tests and spurious generation 
The amplifier has to be stable for an output VSWR of 8,7 (0-360°). 
The stability tests have been done according to the following 
specifications: 
_ measuring frequencies: 400-420-440-470MHz. 
. supply voltage VA = +13,5V. 
. output power Pe = 30W. 
. drive level Pe 25mW (input to BFR95) 
. VSWR (output) 1:8,7 (0-360°) 
. heatsink temperature approx. 20°C. 
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Measurements 


At every test frequency the three-stage amplifier was tuned for 


maximum output power at 50 ohms input and ouput impedance. 


PHILIPS 


In this situation the booster was connected and also tuned to 
maximum output power with C1-C5 and C7-C,. At the same time the 
output power was adjusted at 30W by means of variable resistor 
R5 of the 3-stage amplifier (see reference). The results are: 


| I, = DC current consumption 
P. = 25mW ie = 30W |Gain = 30,8dB of BLW82 
eff, = efficiency of booster 


Overall eff(%) 
43,1 
5355 
48,3 
49,4 





The instantaneous bandwidth of the amplifier is about 1% for an 
output power drop of 5%. 
For a reduction of 20% of the supply voltage, the output power 
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will have a maximum drop of 45%. 
The amplifier is stable for load mismatches up to a VSWR of 8,/7 
(any phase) combined with any input drive up to 25mW. 


Reference: 

Report no. ECO 7804 by A. Boekhoudt. 

"A 3-stage 10W power amplifier for the 470MHz band, operating from 
13,5V supply voltage". 
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Cg = 4,7/pF, ceramic capacitor (500V). 
Cio = 6,8pF, ceramic capacitor (500V). 


Ot Vs, 
— figure 3 
Bee Parts list 
ae Ry = Ro = 10 ohm, carbon resistor. 
se C, = Cy = Cz = Cg = 2 to pF, film dielectric trimmer 
Bees (cat.no. 2222 809 09002). 
ath Cz = Ce = 3,9pF, ceramic capacitor (500V). 
aia: C, = 100pF, feed through capacitor (cat.no. 2222 700 04101). 
zgie C, = 100nF, polyester capacitor. 
3808 


- 
4 
i 


stripline (24,0 x 6,/mm), R. = 35 ohms. 

= 10 turns closely wound enamelled Cu wire (0,4mm); int. dia 4mm. 
L. = 12,6nH; 2,9 turns enamelled Cu wire (0,7mm); int. dia 4mm; 
length 3mm; leads 2 x 5mm. 


- 
RO 
I 


L, = Ferroxcube choke (cat.no. 4312 020 36640). 
Le Stripline (28,4 x 6,/mm), R. ~ 35 ohms. 
Le = Ferroxcube bead with 2:turns of 0,6mm enamelled Cu wire 


(Catino» 43.13.0200 15170). 
and Le are striplines on a double copper clad printed circuit 
board with PTFE fibre-glass dielectric (€,, = 2,74); thickness 1/16". 
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THE BFR9OA, BFR91A AND BFR96S AS DRIVER AMPLIFIERS IN MOBILE 
AND PORTABLE RADIO TRANSMITTERS 


author A.H. Hilbers 





ABSTRACT 
In this report input and load impedance and power gain have been 
given for the above mentioned transistors as class-B driver 
amplifiers in small V.H.F. and U.H.F. transmitters. 
These data have been given under the following conditions which 
must be considered as maxima for safe operation: 


Type Vor (V) PY (mW) 


BFR9IOA 10 100 


BFRIIA =7,5 160 
BFR96S 10 500 


Appr. R.A. P61z) 
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1. INTRODUCTION 


From time to time we receive questions about the application 
possibilities of our wideband transistors as class-B driver 
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and pre-driver stages in the transmitters of mobile and portable 
radios. | 


For this purpose a theoretical investigation has been done 
concerning: 

maximum supply voltage 

maximum output power 

optimum load impedance, input impedance and power gain in 


la |o |» 


the frequency range of 25 to 500 Miz. 


As the fr of these transistors is rather high in comparison 

with the operating frequencies it is necessary to apply 

a damping resistor between the base and emitter terminals 
of the transistor to achieve sufficient stability. 


On the following pages the above mentioned information 
will be given for the BFR9OA, BFR91A and BFR96S. 


It must be noted that in the figures for power gain and 
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input impedance the influence of the base-emitter damping 
resistor has already been taken up. 
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BFR9OA 


= 10V (max) 
= 100mW (max) 
= 100 Ohm (damping resistor) 
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* 
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ne 





Si BFR91A 
Vee = 7.5V (max) 
P, = 160mW (max) 
Roe = 82 Ohm (damping resistor) | 





N.V. Philips’ Gloeilampeniabrieken - Eindhoven - The Netherlands 
Product Division Electronic Components and Materials 


The contents of this report are not to be reproduced, in whole or in 
part, nor disclosed to third parties without the written consent of: 


—h 
* 
G> 
* 
mH 
Ss 
ro 
HH 
= 
mH 
ad 
_ 
Oo 
je8 
Q. 
— 
= 
te) 


a oe ee Ohm a | eee 
25.0 x 14.31 x 79.11 - j 9.57 * 176.95 + j 59.08 
50.0 x 14.40 * 77.94 - j 19.03 x 146.70 + j 85.58 
100.0 * 14.66 * 69.58 - j 35.45 x 105.68 + j 96.81 
150.0 « 14.84 « 55.80 - j 44.56 * 84.23 + j 95.76 
200.0 x 14.93 * 42.27 - j 46.07 x 71.96 + j 92.75 
x 300.0 x 14.72 * 24.99 - j 38.94 x 59.53 + j 88.16 
of 400.0 * 14.05 * 17.35 - j 30.19 * 53.30 + j 84.57 
ssé 500.0 * 13.10 x 13.91 - j 23.32 x 49.09 + j 82.34 
BE | nnn w nn nnnn nnn nnn nnn nnn nnn nn nn nnn nn nn nnn nnn nn nn nn nnn nnn enn 
WO @ fable 2 
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4. BFRS6S 
Veg = 10V (max) 
Po = 500mW (max) 
Ree = 47 Ohm (damping resistor) 


OE CONE Renee ee ee Load Imp. ____ 
MHZ __&_ dB ore | eee Bop tetace | roe 
25.0 * 16.66 * 44.40 - j 8.50 x 97.66 + j 43.65 
50.0 * 16.84 * 41.77 - gj 16.45 x* 77.15 + gj 55.34 
100.0 * 17.17 * 29.95 - j 25.26 * 57.65 + gj 57.45 
150.0 * 17.23 * 19.09 - j 24.42 x 50.76 + gj 56.80 
200.0 x 16.99 x* 12.88 - j 20.34 x 47.96 + j 56.01 
300.0 * 15.77 * 8.02 - j 12.87 * 45.94 + j 54.92 
400.0 x 14.08 x 6.65 - j 7.7/9 * 44.72 + gj 54.43 
900.0" -& 12.32 “es “Oush = 3 “els: #243231 4) 54510 

Table 3. 
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imply a licence under any patent, trademark or copyright. 
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Date > 1984-04-09 





THE BFG 90A,BFG 91A AND BFG 96 AS DRIVER 
AMPLIFIERS IN MOBILE AND PORTABLE RADIO TRANSMITTERS © 


ABSTRACT 
For the above mentioned transistor types power gain, input and 
load impedance have been given for application as class-B 


driver stages in the frequency range 400 to 1000 MHz. 


This information is given under the following conditions which 


must be considered as maxima for safe operation: 


TYPE Vor (V) P mW) 

BFG 90 A 10 100 

BFG 91 A Pd 160 

BFG 96 10 500 
INTRODUCTION 


In 1981 we have given design information for use of the BFR 90OA, 
BFR 91A and BFR 96S in driver stages of mobile and portable trans- 
mitters up to a frequency of 500MHz. 

Last year we have introduced so-called cross-pack versions of 
these devices: BFG 90A, BFG 91A and BFG 96. 

They have 2 emitter connections instead of one by which they are 
suitable for use at. higher frequencies, so the 800-960MHz 


communications band can now be included. 


The maximum supply voltage and output power of the BFG types are 

the same as those for the BFR types. A remark has to be made 

about the BFG 96: 

In the development sample data a figure is mentioned for the maximum 


power dissipation of 500mW being equal to that of the BFR 96. 
eay2 
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In the meantime thermal resistance measurements have been done, 
showing that this figure can be increased to 700mW like that 
of the BFR 96 S. 


Based on this figure gain and impedance information will be given 
for an output power of 500mW. This can only be done in situations 
where no severe mismatch is expected like driver stages. In other 
situations we recommend the more rugged BLU 98 which can also be 


used at higher supply voltages up to 15.5V. 


The fo of all 3 types is in the range of 5 to 6GHz. 
This makes it necessary to apply some damping at the input of the 


transistors in the form of a resistor between base and emitter 


terminals. In this way the stability is improved especially at the 


lower frequencies. 


On the next pages information will be given on power gain, input 
and load impedance of the afore mentioned transistor types in 


class-B operation, i.e. Vag 0 (Dees) < 


Tt must be noted that in the figures for power gain and input 
umpedance the: intluence of the base-emitter damping resistor has 


already been taken up. 
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Bary 


C 


P =100mW (max. ) 
‘e) 


B 


(MHz) 


400 


500 


600 


700 


800 


900 


1000 


V np lOV (max. ) 


13.6 


12 


alee 


BFG 90 A 


R pe Ohm (damping resistor) 


Inp.«<imp: 
(Ohm) 

2542. =3.") 
Lo.0 = 
11.45 
9.1 -j 
8.0 4 
7.4 - j 
Peo =r) 


Load imp. 

(Ohm) 
Sree: 624.04 4 
43.5 49.7 + j 
Soe 41.4 + j 
29.8 S036 4 
24.9 314 9 
Zt a 27.463: 4 
Lied 2560. 5 
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LJ 5 
156 
143 


£33 


124 


-/4 


Vag 7 OV (max. ) 


Po =160mW (max. ) 


Rap e2 Ohm (damping resistor) 


i 


(MHz ) 


400 
500 
600 
700 
800 
900 
1000 


G 
p 


(dB) 
L568 
15.4 
14.6 
1336 
1225 
11.4 
10.3 


V__=10V (max.) 


CE 


P =500mW (max. ) 


Roe? Ohm (damping resistor) 


(MHz ) 


400 
500 
600 
700 
800 
900 
1000 


(dB) 


A 
Led 
13:58 
LT 
1051 

8.4 

6.9 


BFG 91 A 


InpsimMp + 
(Ohm) 

Loe i Soe 
a2 = Fre 2a 6 
hee Se i 1LOSG 
6.9: = 7 1409 
6.7 — 7 Lil 
64 =), -7e9 
OYo TS - DaZ 

BFG 96 

Inp.imp. 

(Ohm) 

Sd. ae a 

Cre mae 

364-= 9° 1.9 
FeO. a <!) Os 
Ag 3 a 26 
A429 4] “453 
Sabo a. “Bae 
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Load imp. 
(Ohm) 


40.5 
36<1 
83:20 
3025 
290 
26.6 
2 Ae 


+ + + + + + 
Ct. Ld. LI. Ld. Ld. Ll. 


Load imp. 
(Ohm) 


SiO 
20% 
2s 
26% 
25% 
2% 


> CO FP O W DW BS 
+ + + + + + + 
Lj. lu. Ly. bh 2 Ch Ul 


77.9 
74.4 
71.6 
69.2 
67.1 
65.2 
63.3 


SUES 
49.4 
48.4 
47.6 
46.6 
45.6 
44.6 
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Date 





A 3 STAGE LINE-UP FOR THE 800MHzZ BAND WITH 8W 
- OUTPUT POWER AT 12.5V 


ABSTRACT 

A 3 stage power amplifier for mobile radio transmitters in the 
frequency band from 820 to 870 MHz has been described. 

The output power is 8W at a supply voltage of 12.5V. 

The amplifier uses the following transistor types: 

BLU 98, BLV 91 and BLV 93. 

The required drive power is 55mW max. and the overall 


efficiency is better than 39%. 


1. INTRODUCTION 
In our Semiconductor Handbook part S6, 1984 we give a number of 
line-ups for mobile radio transmitters in the 800-900MHz band. 
They are intended for a supply voltage of 12.5V. 
The first one of eese ine=ape with an output power of 8W 
is theoretically investigated for the frequency band of 820-870MHz 
and is described in this report. 
The individual stages have been designed on basis of 50 ohms 
input and load impedances. In the schematic diagram of Fig.l 
the intermediate 50 ohm points have been indicated by the 
characters A and B. 


In this way the stages can be tested and aligned individually. 


2. THE OUTPUT STAGE 


This stage has been built around the BLV 93 which is a Jo - 
common-emitter transistor in a 6 leads flange package with 
rectangular ceramic cap. (SOT 171). The transistor is specified 
at 900MHzZ in class-B for 8W output power at 12.5V: 

Power gain: 6.5dB min., 7.3dB typ. 


Drive power:1.8W max., 1.5W typ. 
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Efficiency: 50% min., 58% typ. 
Collector current: 1.28A max., 1.1A typ. 


The input and optimum load impedance in this frequency band 


are given in the table below: 


Z, (Ohms) 








820 2.97 + 4 2.37 6.69 + 3 0.58 
B45 3.12 + 5 2.37 6.52 + 3 0.50 
870 3.29 + 5 2.33 6.33 + 5 0.40 





The circuit has been designed for 1/32" PTFE fibre-glass 


with a relative dielectric constant of 2.74.(See parts list). 


For the alignment of the output network it can be useful to 
replace the transistor by a dummy load which is connected 
between the collector and emitter terminals. 

This load must consist of the parallel connection of a 


9.1 Ohm chip resistor and a 12pF chip capacitor. The output 


circuit must then be aligned such that the VSWR measured at the 


50 Ohms output terminal is minimum. 


To align the input circuit the BLV 93 can be temporarily 
adjusted in class-A at Iq1.1A. | 

Because of the built-in emitter resistance the transistor can 
withstand this for a longer time provided it is mounted on an 


adequate heatsink. 


The class-A biasing can be achieved by disconnecting L14 at the 


ground side and by applying a small positive voltage at this 


point, which must of course be well decoupled. 


The input VSWR can now be measured at point B on a small signal 


basis and the circuit must be aligned to minimize this VSWR. 


This method is intended as a coarse alignment. Final alignment 


must be done in class-B at the actual power level. 


In general it can be said that both value and position of C14 


and C17 are rather critical, C17 controls the efficiency over the band 


and C14 the input VSWR. 
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THE DRIVER STAGE 

This stage uses the BLV 91, a common emitter transistor ina 4 
leads stud package with ceramic cap (SOT 172). The transistor 
is used in class~B with a maximum output power of 1.8W at 12.5V. 
Under these conditions and at 870 MHz we can expect: 

Power gain: 7,0 GB min, S73: GB: typ 

Drive power: O.36W max, O 270 -eyp 

Efficiency: 50% min, 60% typ 

Collector current: 0,29A max, 0.24A typ 


The input and optimum load impedance are given in the table below. 







19,0 & 445.7 
18.4 + 4 15.8 
18.5 + 4 15.9 


845 
570 
The alignment of this stage can be done in the same way as that of 
the output stage. 

For the dummy load a parallel connection of 39 ohms and 4.7 pF 

is recommended and for temporary class-A adjustment a collector 
current of 0.24A can be chosen. 

A 50 ohm source must be connected to point A viaa blocking capa-— 


CTCOr (27 pr sent) s 


THE PRE-DRIVER STAGE 

In this stage a BLU 98 is used. This is a common emitter transistor 
is a 4 leads plastic pill package (SOT 103). It is used in class-B 
with a maximum output power of 360mW at 12.5V. 

Under these conditions and at 870 MHz we can expect: 

Power gain: 8.2 dB min, 9.7 dB typ 

Drive power: 55 mW max, 39 mW typ 

Efficiency: 50% min, 65% typ 

Collector current: 58 mA max, 44 mA typ 


The input and optimum load impedance are given in the table below. 


Z.(O 
i! hms) 





G20 Aete ae Lok 10.7 + j 44.7 
845 298 PA ee Oe 10.9 + j 44.8 
870 S208) 4-4) 22221 10.9 °+ 7 45.0 
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The alignement can be made in the same way as described for the 
output stage. 

Dummy load: 240 ohms in parallel with 3.3 pF. 

Temporary class-A adjustment at I 44mA. 


OVERALL PERFORMANCE 

The minimum performance to be expected is: 
Drive power: 55 mW; Power gain: 21.6dB 
Current consumption: 1.63A; Efficiency: 39.3% 
Typically the results can be: 

Drive power: 25mW; Power gain: 25 dB 


Current consumption : 1.33A; Efficiency: 48%. 


OUTPUT POWER CONTROL 
If only a few dB of power control is needed it can be achieved 
by varying V only: 
For settee ae a larger range e.g. tens of dB's it is recom- 
mended to vary both V and V 

St SZ: 
STABILITY 
If parasitic oscillations occur during load mismatch it can be 
useful to replace L14 and possibly L8 by the following network: 


o 


Lig 


RS L2o 


R5 = 102, carbon 
L19 = 100 nH; 7 turns closely wound enamelled Cu wire (0,5 mm) ;. 
int. diam.3 mm; leads 2x5 mm. 


L20 = L3 ( See main parts list). 


P.C. BOARD MATERIAL 

The stripline calculations in this report are based on PTFE 
fibre-glass material with ES 2.74, dielectric thickness of 718um 
and copper thickness of 38.1 um. 

If another material is used it can be useful to know the "free-air" 
length of the striplines in this design. For this purpose the 
lengths given in the parts list must be multiplied by the so-called 


shortening factor which is given in the table below. 
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R(t) Shortening factor 


A.H.Hilbers 
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ZetsJt[Tdwe zemod ZHW O/8 - O78 


T° Sta 


a6 


ras | al 


BID 








ee 


1 
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PARTS LIST 

O1 = BLU 98 

Q2 = BLV 91 

03 = BLV 93 

Ri = 270 9%, carbon 

R2 = 10 2, carbon 

R3 = 10 Q, carbon 

R4 = 10 2, carbon 

C1 = 27pF, chip 

1) 


C2 = parallel connection of 3,3pF, chip and 1.2-3.5pF PTFE trimmer 

C3 = 2x 10pF, chips in parallel 

C4 = 100 nF, polyester 

C5 = 27pF, chip 

C6 = 27pF, chip 

C7 = parallel connection of 2.7pF, chip and 1.2-3.5pF PTFE trimmer. 
C8 = 2x 8.2pF, chips in parallel 

c9 = 100 nF, polyester 

Ci0 = 27pF, chip 

C11 = 1.2-3.5pF PTFE trimmer 

C12 = 27pF, chip 

C13 = 5.6pr > chip 

C14 = 2x10pF, chips in parallel 

C15 = 100 nF, polyester 

C16 = 27pF, chip 

C17 = 2x6.8pF, chips in parallel 

C18 = parallel connection of 1.8pF, chip and 1.2-3.5pF PTFE trimmer 
CLO: = 27 pr chlo 


Ch S77 stripline; W= 1.0 mm, 1= 14.0 mm 

L2 = 3622 stripline; W= 3.0 mm, l= 4.0 mm 

L3 = FXC-bead, grade 3S1, cat.nr. 4322 030° 32160, 
wound with 4 turns of 0,5 mm enamelled Cu wire. 

L4 = 15.1nH; 2 turns of 0,5 mm Cu wire on d=2,5 mm, 1 = 2,3 mm 
leads: 2x5mm 

L5 = 16.3 nH; 2 turns of 0.5 mm Cu wire on d= 2.5 mm, 1= 1.9 m, 
leads: 2x5 mm 

L6 = 71.782 stripline; W= 1.0 mm, 1= 15.2 mm 

L7 = 3682 stripline; W= 3.0 mm, 1= 4.2 mm 


L8 = L3 43 


- -~N -— ~~ 


L10 


Lt 
ita 
L13 
L14 
gees) 
LLG 


L17 
L18 
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= 52nH; 6 turns of 0,5 mm enamelled Cu wire on d= 2.0 mm, 
1= 3.6 mm, leads: 2x5 mm, connected to Lil at 2.0 mm from 
the edge of the transistor 

= 71.722 stripline; W= 1.0mm, l= 22.7 mm 

= 71.72 stripline; W= 1.0mm, 1= 13.9mm 

= 362 stripline; W= 3.0mm, 1= 3,3mm 

= L3 

= L3 

= 15nH; 2 turns of 0.5mm Cu wire on d= 2,5mm, 1= 2,3mm 
leads: 2x5mm, connected to L17 at 4.0mm 
from the edge of the transistor 

= 362 stripline; W= 3.0mm, l= 10.1mm 

= 57.18% stripline; W=1.5 mm, 1= 21.6mm 


-board material: 1/32 PTFE fibre-glass, E=2.74 


as delivered by PERMALI Ltd, Gloucester, U.K. 


A) @atenrs 2222-309 05001. 
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APPLICATION 










A 3-STAGE LINE-UP FOR THE 900MHzZ BAND WITH 8W OUTPUT POWER AT 12.5V 






ABSTRACT 






A 3-stage power amplifier for mobile radio transmitters in the frequency 





band from 880 to 925MHz has been described. 
The output power is 8W ata supply voltage of 1255V% 





The amplifier uses the following transistor types: 









BLU 98, BLV 91 and BLV 93. 





The required drive power is 65mW max. and the overall efficiency is 





better than 39%. 








i. INTRODUCTION 





In our Semiconductor Handbook, part S6, 1984 we give a number of 





line-ups for mobile radio transmitters in the 800-960MHz band. 






They are intended for a supply voltage of 12.5V. 






The first one of these line-ups with an output power of 8W is 





theoretically investigated for the frequencyband of 880-925MHz 


and is described.in this report. 






The individual stages have been designed on basis of 50 ohms 






input and load impedances. In the schematic diagram of Fig.l 






the intermediate 50 ohm points have been indicated by the characters 






A and B. 


In this way the stages can be tested and aligned individually. 








THE OUTPUT STAGE 


This stage has been built around the BLV 93 which is a JO common- 





emitter transistor in a 6-leads flange package with rectangular 







ceramic cap (SOT 171). 


The transistor is specified at 900MHz in class-B for 8W output power 





at 12.5V: 






Power gain: 6.5dB min., 7.3dB typ. 







Drive power:1.8W max., 1.5W typ. 





Efficiency :50% min., 58% typ. 





Collector current: 1.28A max., 1.1A typ. 
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The input and optimum load impedance in this frequency band 


are given in the table below: 







£ (MHz) 2, (Ohms) 







880 3.96.45 2530 6.25 + j 0.36 
900 3.50 + j 2.22 6.08 + 5 0.29 
925 3.68 + 4 2.05 5.84 + 4 0.17 





The circuit has been designed for 1/32" PTFE fibre-glass with 


a relative dielectric constant of 2.74 (See parts list). 


For the alignment of the output network it can be useful to 
replace the transistor by a dummy load which is connected 
between the collector and emitter terminals. 

This load must consist of the parallel connection of an 8.2 Ohm 
chip resistor and a 12pF chip capacitor. 

The output circuit must be aligned such that the VSWR measured 


at the 50 Ohms output terminal is minimum. 


To align the input circuit the BLV 93 can be temporarily adjusted 


in class-A at Tjqi-ia. Because of the built-in emitter resistance 
the transistor can withstand this for a longer time provided it 
is mounted on an adequate heatsink. The class-A biasing can be 
achieved by disconnecting L14 at the ground side and by applying 
a small positive voltage at this point, which must of course be 
well decoupled. 

The input VSWR can now be measured at point B on a small signal 
basis and the circuit must be aligned to minimize this VSWR. 
This method is intended as a coarse alignment. Final alignment 
must be done in class-B at the actual power level. 

In general it can be said that both value and position of C14 
and C17 are rather critical. 


C17 controls the efficiency over the band and Ci4 the input VSWR. 


THE DRIVER STAGE 

This stage uses the BLV 91, a common emitter transistor ina 
4-leads stud package with ceramic cap (SOT 172). 

The transistor is used in class-B with a maximum output power of 
1.8W at 12.5V. 

Under these conditions and at 925MHz we can expect: 


Power gain : (6,50B mins; 7.080B typ: 


Drive power : 0.4W max., 0.3W typ. mre a 
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Efficiency: 50% min., 60% typ. 
Collector current: 0.29A max., 0.24A typ. 


The input and optimum load impedance are given in the table below: 









4.04 + 4 3.25 
4.04 + 5 3.52 
4.03 + j 3.84 


18.6 + 3 15.9 
18.7 + 5 16.0 
18.8 + 3 16.1 


900 
925 






The alignment of this stage can be done in the same way as that - 
of the output stage. For the dummy load a parallel connection 

of 39 Ohms and 4.7pF is recommended and for temporary class-A 
adjustment a collector current of 0.24A can be chosen. A 50 Ohm 
source must be connected to point A via a blocking capacitor 


(24pF, chip). 


THE PRE-DRIVER STAGE 

In this stage a BLU 98 is used. This is a common-emitter transistor 
in a 4-leads plastic pill package (SOT 103). 

It is used in class-B with a maximum output power of 400mW at 12.5V. 


Under these conditions and at 925MHz we can expect:. 


Power gain : 8. 00B min<; 9.50aB: typ. 
Drive power : 63mW max., 45mW typ. 
Efficiency : 50% min., 65% typ. 


Collector current: 64mA max., 49mA typ. 
The input and optimum load impedance are given in the table below: 


Z, (Ohms) Z. (Ohms) 
1 L 







880 3.28 + 4 2.40 12.0 #4 44.2 
900 3.39 + 3 2.83 12.1 + 5 44.4 
925 3.54 + 5 3.37 12.3 + 5 44.9 





The alignment can be made in the same way as described for the 
output stage. 

Dummy load: 220 Ohms in parallel with 3.3pF. 

Temporary class-A adjustment at T= 49mA . 


.-/4 
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OVERALL PERFORMANCE 

The minimum performance to be expected is: 
Drive power : 65mW; Power gain : 21.0dB 
Current consumption: 1.63A; Efficiency: 39.3% 
Typically the results can be: 

Drive power: 28mW; Power gain: 24.5dB 


Current consumption: 1.33A; Efficiency: 48%. 


OUTPUT POWER CONTROL 
If only a few dB of power control is needed it can be achieved 


by varying Ve only. 


1 
For control over a larger range e.g. tens of dB's it is recommended 
to both V and. Ving 

vary bo $1 n 52 
STABILITY 


If parasitic oscillations occur during load mismatch it can be 


useful to replace L14 and possibly L8 by the following network: 


Lig 


RT E26 


R5 = 102 , carbon 
L1i9= 100nH; 7 turns closely wound enamelled CU-wire (0.5mm); 
int.diam. 3mm; leads 2x5mm. 


L20= L3 (See main parts list) 


P.C.BOARD MATERIAL 

The stripline calculations in this report are based on PTFE 
fibre-glass material with En2.74, dielectric thickness of 718uUm 
and copper thickness of 38.1uUm. 

If another material is used it can be useful to know the "free- 
air" length of the striplines in this design. 

For this purpose the lengths given in the parts list must be multi- 
plied by the so-called shortening factor which is given in the 


table on next page. 


248 


nee ae. 


NCO 8404 
page 5 


Shortening factor 
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Qi = 
Q2 = 
Qa = 


Ri = 
R2 = 
R3 = 
R4 = 


Ci = 
C2 = 
C3 = 
C4 = 
C5 = 
C6 = 
C7 = 
C8 = 


C10= 
ci1i= 
C12= 
C13= 
C14= 
C1i5= 
C16= 
C17= 
Cc1i8= 
C19= 


L2 = 
L3 = 


L4 = 
L5 = 
L6 = 
L7 = 
L8 = 
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PARTS LIST 


BLU 98 
BLV 91 
BLV 93 


27082 , carbon 
102 , carbon 
102 , carbon 
102 , carbon 


24pF, chip 

parallel connection of 2.4pF, chip and 1.2-3.5pF PTFE Cine: 
parallel connection of 9.1pF and 8.2pF, chips. 

100nF, polyester 

24pF, chip 

24pF, chip 

parallel connection of 2.2pF, chip and 1.2-3.5pF PTFE trimmer. 
parallel connection of 8.2pF and 7.5pF, chips. 

100nF, polyester 

24pF, chip 

1.2-3.5pF PTFE trimmer 

24pF, chip 

4.7pF, chip 

2x8.2pF,Chips in parallel 

100nF, polyester 

24pF, chip 

2x6.2pF, chips in parallel 

parallel connection of 1.8pF, chip and 1.2-3.5pF PTFE trimmer 


24pF, chip 


71.78 stripline; W=1.0mm, 1=13.6mm 

362 stripline; W=3.0mm, 1=3.1mm 

FXC-bead, grade 3S1, cat.nr. 4322 030 32160, wound with 4 turns 

of 0.5mm enamelled Cu-wire. 

14.9nH; 2 turns of 0.5mm Cu-wire on d=2.5mm, 1=2.4mm, leads: 2x5mm 
13.9nH; 2 turns of O.5mm Cu-wire on d= 2.5mm, 1=2.8mm, leads:2x5mm 
71.7@ stripline; W=1.0Omm, 1=14.2mm 

362 stripline; W=3.Omm, 1=3.1mm 


L3 
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L9 = L3 

L10= 52nH; 6 turns of 0.5mm enamelled Cu-wire on d=2.0mm,1=3.6mm,leads:2x5mm, 
connected to L111 at 2.0mm from the edge of the transistor. 

Lit= 71.78 stripline; W=1.Omm, 1=21.5mm 

L12= 71.72 stripline; W=1.0Omm, 1=13.4mm 

L13= 362 stripline; W=3.0mm, 1=3.8mm 

L1i4= L3 

L1i5= L3 

L16= 15nH; 2 turns of 0.5mm Cu-wire on d=2.5mm, 1=2.3mm,leads: 2x5mm, 
connected to L17 at 4.0mm from the edge of the transistor. 

L17= 362 stripline; W=3.0mm, 1=8.3mm 

L1i8= 57.12 stripline; W=1.5mm, 1=19.6mm 


P.C.board material: 1/32" PTFE fibre-glass, EB =2.74 as delivered by: 
PERMALI Ltd. 


Gloucester, U.K. 


LL) sGat.nr.: 2222 -B09--05001 
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APPLICATION 





A WIDEBAND AMPLIFIER (890-915MHz) WITH THE 
TRANSISTORS BLV92 AND BLV94 


SUMMARY 


For mobile radio transmitters in the frequency band 890- 
915MHz a class B power amplifier has been designed around the 
transistor BLV92 and BLV94. The BLV92 is used in the common 
emitter and the BLV94 in common base configuration. The 
applied matching networks are of the low-pass Chebychev type. 


The main amplifier properties are: 





Frequency range : 890-915MHz 


Supply voltage Ve Ss LZ ov 
Drive power Par >: 400mW 
Load power PE 3 214W 
Input return losses 2 DLSdB 
Efficiency >: 245% 
Load and source impedance : 502 


Applied PC board material is double copper clad teflon fibre 
glass (€,=2.74), thickness 1/32". 

















INTRODUCTION 





The BLV92 and BLV94 are transistors in a SOT1/71 envelope, for 
application in mobile radio transmitters in the 90O0MHz band. 

A wideband amplifier has been designed around these transis- 
tors, for the frequency range 890-915MHz. The individual 
‘stages have been designed on basis of 502 input and load 
impedances. The interstage impedance is 502. 





OUTPUT STAGE 





This stage is a design around the BLV94, which is a common- 
base transistor with -internal input matching in a 6 leads 
flange envelope with a ceramic cap (SOT171). The transistor 
is specified at 90O0MHz in class B, for 15W output power at 
12.5V supply voltage: 


power gain : min. 6dB_, typical 7 dB 
drive power : max. 3./75W, typical 3 Watt 
efficiency s. 250% : typical 602% 
current >: max. 2.4A , typical 2A 






The input- and optimum load impedance are given below. 
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INPUT STAGE 


This stage is a design around the BLV92, which is a common- 
emitter transistor with internal input matching, in a SOT171 
header. 

The transistor is specified at 900MHz in class-B for 4W 
output power at 12.5V supply voltage: 7 

power gain >: min. 7.5dB » typical 8.5dB 

drive power : max. 710mW » typical 565mW 

efficiency >: >50% » typical 572% 

current >: max.640mA » typical 560mA 


The input- and optimum load impedances are given below. 





CIRCUIT DESIGN 


With the impedance values and CAD programmes we have designed 
a stripline circuit on teflon PC board (¢€_=2.7), thickness 
1/32". Page 4 shows the electrical circuit. The impedance 
transformations have been established by means of low-pass 
Chebychev filter designs. The intermediate impedance between 
the two stages is 50Q. 

The 3B-beads, the R2/L13 resp. R1/L14 combinations and R3 are 
necessary components to establish stable behaviour during 
mismatch conditions. 
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Page § shows the PC board. Actual dimensions 60: x45mm. 

Fig. 3 on page § shows the amplifier lay-out. At the edges 
and at the emitter earthing points the upper and lower side 
of the PC board have been connected by means of copper straps 
to improve earthing. For that purpose also rivets have been 
applied at several places. The PC board and transistors are 
screwed onto a copper intermediate heatsink,thickness 10mm. 
When operating the amplifier this heatsink has to be attached 
to a larger heatsink in order to keep transistor PoBperetUrs 
at an acceptable level. 


AMPLIFIER PERFORMANCE 


The table below summarizes the amplifier performance. 
Conditions: V,o=12.5V, Py,;,,=400mW, T 225 Cs 
rive H 
Freq.range ; 890-915MHZ 
Outputpower Pt. >: >14.4 Watt 
Efficiency : >462% 
Amplifier current : <2.5A 
Input VSWR : <1.4721 


Fig.4, page 7, shows the ouput power, efficiency and input 
return losses versus frequency at Vgel2.5 Volt and 
Pa . =400mwW. 

rive 
Fig.5 page 8 gives P, versus P and gain, efficiency and 
input return losses versus Py at SoOMHz and 915MHz. 


Harmonic content 


890MHz -44dB -50dB 
915MHz -~49dB -55dB 


Stability 


All non harmonically related output signals are below ~-50dB 
under the following conditions: 

- freq. 890-915MHz 

— Vo= 5-15.5 Volt 

~ ' 100-600mW 

- veuRve 3:1 trough all phases. 





Ruggedness 


The amplifier is able to withstand an output mismatch of 50:1 
through all phases at any frequency in the band at a supply 
voltage of Vo=l5.5 Volt and a drive power of Par =400mW. 
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Parts List 


C1=C5=CB=C1l1=HC1i6=33pF chip capacitor. ATC 1004 
C3=C4=C7=6.2pF chip capacitor. ATC 1004 
C9=C10=7.5pF chip capacitor. ATC 1004 
C12=Ci3=10pF chip capacitor. ATC 1004 
C1i5=3.9pF chip capacitor. ATC 1004 
C2=C6=C14=1-3.5 Film dielectric trimmer,Pilips cat nr.2e222.809.05001 
C1l7=2.2urF 35V tantalium. 
L1i=50SN stripline,length lemm.width 1.84mm. 
S=LS=L6=L7=36netripline,length 2.5mm,width 3mm. 
L4=50n stripline,length 17. 7mm,width 1.8émm. 
L5S=SO0nstripline, length 2Omm,width 1.84mm. 
Lés5SOnstripline, length 13.2mm,width 1.54mm. 
LSsLig=Lliil=4 wnod.enamelled Cu-wire,m 0.4mm, closely 
wound, int.diam.D=3.3mm. | 

Liz=5 wnd.enamelled Cu-wire,@ 0O.4mm,closely wound,int.diam.D=4.5mm. 
LIS=Li4=2,.5 wnd.enamelled Cu-wire,g O.4mm,0n a ferrite 3R-bead, 

Philips catanes+530.030.3226!". 
Read=ferrite 38-bead.Philips cat ne.4330,030, 42221. 
Ri=RS=100hm metal film resistor. 
R3=75 ohm metal film resistor. 
TI=BLYVS=Z. 
TH=BLVGS4, 

id 

pe-board material is double copper clad FIFE fibre glass, 
thickness 1/32 inch, br=2.74. 
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PRODUCT GROUP 


PHILIPS SPECIALTIES AND DIODES APPLICATION 


Report MO: pnR-1-428-1987-AS / NCO 8707 
Author : M.J.Képpen 
Date 1987-08-17 





A WIDEBAND 4 STAGE BASE-STATION POWER AMPLIFIER 
FOR 9O00MHz CELLULAR RADIO SYSTEMS. 


SUMMARY 


In this report a brief description is given of a wideband 
power amplifier for the 90OOMHz band. | 

It utilizes two common-base circuited BLV97 transistors, 
coupled by means of 3dB-90° hybrids, in the final stage. 

The nominal output power amounts to 50W. 


The complete amplifier contains 4 stages in cascade, viz. 
single-ended drivers BLV98-BLV99 operating in class-B and 
BLU98 in class-AB. 


Being tuned for the (original) PRCS-band of 937-941MHz the 
typical overall gain is 36.4dB, whilst the typical efficiency 
amounts to 49%. These values are valid for P,=20W; Vg=24V; 
input and output impedances of 502. 


The amplifier has been designed for a tuning range of at 
least 870-950MHz. 


Applied pe board material is double Cu clad with PTFE fibre- 
glass dielectric (€=2.2); thickness 1/32 inch. 


INTRODUCTION 


The BLV97 and BLV98 are transistors in SOT1/71 envelopes, 
whilst the BLV99 is housing in an SOT172. The predriver BLU98 
is encapsulated in a subminiature plastic transfer-moulded 
cross-package S0T103 and operates in class-AB from 12V supply 
voltage via an wA/812 voltage stabilizer. Supply voltage for 
the complete amplifier module amounts to 24V. 


Above mentioned devices are specially designed for use in the 
900MHz communications band. 
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To obtain at least 50W output power a pair of BLV9/7’s is 
required. Under worst-case conditions they ask for a drive 
power of approx. 14W, what can be done with a single BLV98. 
Preceding stages are BLV99 for at least 2W output and the 
smaller BLU98 being published for 0.5W. 


OUTPUT STAGE 
This stage is a design around a pair of BLV97'’s, which are 
common-base transistors with internal pré-matching in an 6- 


leads flange envelop with ceramic cap. 


Fig.1 shows the principle of the hybrid coupled output stage. 


BLY 97 





~9o° BLV $7 3a8 


Fig.1 


The hybrids are constructed with suitable lengths of SAGE 
WIRELINE. It has been chosen for the semi rigid (seamless 
copper tube) version BHC (electrical length %*A; physical 
length 52mm for the 90O0MHz band). 


Hybrid resistors R9-14 (See circuit diagram Fig.2A/B) are 


power types (20W) on BeO. 
They are screwed to the intermediate heatsink base plate. 
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For wideband input and output matching in principle the 
Chebishev low-pass response has been chosen. Afterwards some 
optimization has been applied with the aid of a CAD 
programme. Because of this modification and introducing some 
tuning provisions (trimmers), it may be expected that the 
originally chosen Chebishev response is somewhat deformed, 
but still acceptable. 


For transforming sections mainly strip transmission line 
techniques have been applied. 


The characteristic impedances of the striplines around the 
transistors are mainly appointed by the lead-width of the 
devices (Z,=392). 


Ferroxcube leads L36-39-46-49, resistors R10-11-12-13, 
inductors L37-38-47-48 and decoupling capacitors C52-53-54- 
55-64-65 are necessary components to establish stable 
behaviour during mismatch conditions for devices operating on 
a 6dB/octave slope. (See complete circuit diagram Fig. 2A/B). 


ELECTRO-—MECHANICAL DETAILS 


The final stage takes about half the total surface of the pc 
board.Actual dimension of the complete pc board, including 
driver stages, amounts to 252mm x 80mm. Fig.3 shows the copy 
of the positive, whilst in Fig.4 the complete amplifier lay- 
out has been sketched. 


To keep dielectric losses as low as possible and for univer- 
Sality it has been chosen for RT-DUROID type 5880 (€_=2.20) 
double clad board with PTFE fibre-glass dielectric (thickness 
1/32 inch; Cu sheet 2x1l7um). 


Because plating-through could not been realized in the 
prototypes (4 units), it has been imitated by means of 
soldering groups of gold-plated subassemblies of semiconduc- 
tor diodes. These components came from our diode fabrication 
department. 


At the edges, near both coaxial plugs and the emitter 
earthing points of the pre-driver stages some copper straps 
are connected between upper and lower side of the board to 
improve earthing. 

For that purpose rivets have been applied (and soldered) at 
some places too. : 


The pe board, transistors and hybrid resistors are screwed 
onto an aluminia intermediate heatsink, thickness 10mm. When 
operating the amplifier module this base-plate has to be 
attached to a larger heatsink in order to keep transistor 
temperatures at an acceptable level. 
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Fig.5 shows the drawing of the base-plate. To prevent feed- 
back all wiring (PTFE isolated) has been led through the 
fraised channels in the base-plate. For that purpose the 
lower side of the pe board needs some holes or isolated 
contact areas. 


DRIVER STAGES 


Following the foregoing it will be clear in what way the 
three preceding stages were created. Here the method was the 
same as described for the final stage. 


For space-saving several striplines have been bent (in 
meanders) however preventing parasitic coupling as much as 
possible. - 


The 12V stabilizer and the multiturn potentiometer for the 
ii, setting (approx.3mA) of the BLU98 are attached to the 
inner side of the raised border, being screwed to the far end 
of the base-plate. 


Both raised borders (input and output) contain the coaxial N- 
chassis plugs (male and female). 

Sizes of the borders are 82mm x 40mm x 2.5mm. The unit 
further contains an U-shaped metal cover, being screwed to 
the base-plate, to close it. 

It should be noted that some detuning is possible when the 
module is closed. That problem can be solved by applying a 
dummy cover or an exchangable cover with tuning holes. 


Diode Dl, being applied for temperature stabilization of the 
BLU98 bias point, has to make thermal contact with the 
plastic body of Tl. (Advise: apply some heatsink compound). 


AMPLIFIER PERFORMANCE 

Fig.6 gives a survey of the practical results. . 

In this case the amplifier was tuned for the upper-band 
segment of 937-941MHz (2 test units have been checked). 
Because the design was set-up for the complete range of 8/70- 
950MHz it is possible to tune the amplifier for other 


bandsegments (up to 20MHz bandwidth). 


Practical experiments have been made with an 8/70-890MHz 
segment (2 units). 


Typical results in figures were: 


870MHz: Go = 40.3dB : eff, = 50.3% 
880MHz: Gr = 41.0dB : eff, = 52.64 
890MHz: Gr = 41.0dB : eff, = 53.1% 
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No output mismatch tests have been done; however no problems 
were indicated during all tuning procedures. 


All non-harmonically related output signals (spurious) were 
at least -60dB vs. carrier. 


PRCS = Personal Radio Communication System. 
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LIST OF COMPONENTS 
C1=C14=C25=C39=4/7pF + 54 (50V) (2222 852 12479)* 
C2=1pF + 5% (50V) (2222 851 12108)* 
C3=C7=C15=C24=C37=C41=C42=C61=C62=C6/=C68= 
1.2 to 3.5pF film dielectric trimmer (2222 809 05001) | 
C4=C5=C44=C45=C46=C4/=8.2pF + 54 (50V) (2222 851 12828)* 
C6=C52=C55=10nF + 10% (50V) (2222 852 47103)* 
C8=100nF + 204 (50V) (2222 852 48104)* 
C9=C19=C20=C31=C32=C53=C54=100pF + 104 (50V) (2222 852 13101)* 
C10=Cll=l1uF (35V) tantalum electrolytic capacitor 
C12=C13=2.2pF + 5% (S50V) (2222 851 12129)* 
C16=C17=6.8pF* x** 
C18=C30=C64=C65=10nF (63V) electrolytic capacitor 
C21=C27=4.7pF +5% (S50V) (2222 851 12478)* 
C22=C35=C36=5.6pF + 54% (50V) (2222 851 12568)* 
C23=C38=1.5pF + 5% (50V) (2222 851 12158)* 
C26=C40=C43=3.9pF + 5% (50V) (2222 851 12398)* 
C28=C29=C33=C34=12pF + 5% (50V) (2222 851 12129)* 
C48=C49=C50=C51=10pF + 5% (50V) (2222 851 12109)* 
C56=C57=C58=C59=18pF* xx 
C60=C63=5.6pF*x *** 
C66=C69=0.5pF* xxx 
C70=C/1=100pF* *xx 
* Multilayer ceramic chip capacitor one 
** American Technical Ceramics capacitor type 100A or capacitor 


of same quality 
kkk Tdem, type 100B 
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LIST OF COMPONENTS CONTINUED 


O.25W metal film resistor 


R2=R4=R6=R8=102 + 10%; O0.25W metal film resistor 
R3=1kQ2 multiturn potentio-meter 


R5=1.2KQ2 + 10%; 


0.25W metal film resistor 


R7=R10=R11=12 + 10%; 0.25W metal film resistor 


R9=R14=50Q; 


R12=R13= 


power resistor (20W) on BeO 


(Pyrofilm Corp. type PPR 515-20-3) 


TOQ + 10243 


1W metal film resistor 


L1=502 stripline (24.0mm x 2.39mm) 
L2=502 stripline (5.5mm x 2.39mm) 
L3=L6=L11=L16=83nH; 9 turns closely wound enamelled 


Cu wire (0.4mm); int.dia.2mm; leads approx.2x4mm 


L4=L5=L12=L15=L24=L36=L39=Ferroxcube wideband hf choke, 


L7=502 

L8=502 

L9=50Q 

L10=502 
L13=502 
L14=502 
L17=502 
L18=502 
L19=502 
L20=502 
L21=392 
L2Z2=392 


E23=L372 


stripline 
stripline 
stripline 
stripline 
stripline 
stripline 
stripline 
stripline 
stripline 
stripline 
stripline 
stripline 
L38=250nH; 


grade 3B (4312 030 32261) with 3 turns enamelled 
Cu wire (0.4mm) 


(7mm x 2.39mm) 

(42.6mm x 2.39mm) 

(15.3mm x 2.39mm) 

(18.i1mm x 2.39mm) 

(5.Omm x 2.39mm) 

(1.0mm x 2.39mm) 

(34.7mm x 2.39mm) - 
(32.9mm x 2.39mm) 

(9.6mm x 2.39mm) 

(9.0mm x 2.39mm) 

(6.1mm x 3.42mm) 

(1.Q0mm x 3.42mm) 

13 turns closely wound enamelled 


Cu wire (0.4mm); int.dia. 3mm; leads approx.2x3mm 
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LIST OF COMPONENTS CONTINUED 


L26=L4/=L48=6 turns closely wound enamelled 

Cu wire (0.7mm); int.dia. 3mm; leads approx.2x5mm 
L27=392 stripline (4.5mm x 3.42mm( 
L28=392 stripline (2.8mm x 3.42mm) 
L29=392 stripline (14.2mm x 3.42mm) 
L30=502 stripline (31mm x 2.39mm) 
L31=502 stripline (28mm x 2.39mm) 
L32=L33=502 stripline (21.5mm x 2.39mm) 
L34=L35=392 stripline (11.Omm x 3.42mm) 
L40=L41=392 stripline (1.2mm x 3.42mm) 
L42=L43=39Q stripline (2./mm x 3.42mm) 
L44=L45=392 stripline (8.0mm x 3.42mm) 
L46=L49= Ferroxcube wideband hf choke, grade 3B 

(4312 020 36642) 

L50=L51=502 stripline (24.0mm x 3.42mm) 


H1=H2= 52mm Sage Wire line semi rigid type BHC 


Di= BAW62 or 


ICl= Voltage 


Tl= BLU98 
T2= BLV99 
T3= BLV98 


T4=T5= BLV97 


1N4148 
stabilizer type wA 7812 UG or smaller version 


common-emitter SOT103 El 
common—-emitter SOT1/72 
common-base SOT171 
common-base SOT171 


All striplines are on a double Cu-clad printed circuit board 


with PTFE 


fibre-glass dielectric RT-Duroid type 5880 


(e_=2.20); thickness 1/32 inch (0.794mm); Cu sheet thickness 


Ixi7u. 
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Report no: RNR45/008/1988/AS / NCO 8802 
Author ; R.Gajadharsing 


Date ¢ 1988-01-11 


BLE242, BLE244 AND BULF2Z45 


This note provides additional application information about 
the VHF power MOSFETS BLF242, BLF244 and BLF245. It concerns 
eeeroenanes data of these devices at 400MHzZ2. Mean values of 
powergain and drain efficiency obtained are given in the 


table below. 






Po Tdq Gp Hit: 
(W) (mA) (dB) 7 





BLF245 






Vas= 28 Volt; Th=25°C 


Mode of operation: narrowband c.w. 
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INTRODUCTION 


Recently Philips introduced the BLF242, BLF244 and BLF245, 
the first members of a range of RF-power MOSFETS for professional 
transmitters capable of delivering output powers of SW, 15W 
and 30W respectively. These MOSFETS are primarily designed 
for operation in FM-transmitters in the VHF-range. 

Data sheets of these devices have been published in the 1986 
issue of the Philips data handbook "RF power transistors and 
modules” part S6. 

Although these transistors are characterised at 175MHz in 
these sheets, the high power gains (>13dB) they offer also 
allow operation in transmitters beyond the VHF-range. 

In this note information will be supplied with respect to 
application at a frequency of 400MH2. : 


TEST AMPLIFIERS 


RF-performance of these transistors has been evaluated in 
narrowband test amplifiers. 

Description of these amplifiers is given on pages 6 to 11. 
Calculation of the input and output matching networks has 
been based on the following impedances: 


BLF242 BLF244 “BLE 245 
ces 12.6 26.4 | Sore Gove 


Zo is the conjugate of the optimum load impedance into which 
the device operates at a given output power, voltage and 
frequency. 










The transistor impedances are transformed in two steps to 
502, at the input side as well as at the output side. The 
first step transforms the impedance to 252 by means of an LC- 
section. The second step to 502 is obtained by means of a t- 
section. 


In practice minor changes were necessary at the input side to 
obtain proper matching. 

In the BLF242 amplifier L2 had to be increased oon (nH to 
9nH, see page 6. 
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In the BLF244 amplifier the rn-section had to be shifted 
towards the input N-connector in order to increase L3 with 
L2, see page 8. 


For the BLF245 test amplifier an additional coil L2 was-° 
needed, see page 10. 


Note that resistive input loading has been utilized to enhance 
stability. 


RF-PERFORMANCE 


Ten samples of each type, covering the production spread, 

were used for performance evaluation. 

Powergain and drain efficiency have been measured with two 

different loads presented to the transistors: 

1. The optimum load: for each output power the amplifier was 
tuned for maximum gain. 


2. A fixed load: the output network ‘of the amplifier was 
tuned for a predetermined load and not altered during 
measurement. 


By loading the transistor with a load differing from the optimum 
one, efficiency improvement has been obtained at the cost of 
gain. This has not been achieved for the BLF244. The results 
obtained are given on page 4. 

Performance at different output power levels is presented on 
page 5. 

A typical device was chosen for these measurements. 


CONCLUSTON 
For the BLF242, BLF244 and BLF245 it can be stated that at 
their nominal load power their power gain is greater than 


10dB and their drain efficiency greater than 50% at an operating 
frequency of 400MHz2. 


R.Gajadharsing 
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Conditions: Vds= 28V, Po= 30W, Idq= 50mA, Th= 25°C 









FIXED TUNED LOAD: ) OPTIMALLY TUNED LOAD 
Sampleno. 
= Ida Ge EFF. Ps Id Gp Eff. 
Sliceno. CA) (aB) (%) (W) CA) (dB) (%) 
13 1.64] 9.6 /{65.3 1.88]/10.8 {52.0 
14 1.62] 9.4 |66.1 1.64|/10.6 |58.0 
16 - 2.90] 1.78/10.1 [60.2 2.956|/ 2.05]10.7 |52.3 
17 2.751 1.76/10.4 |60.9 2.40| 2.00111.0 {53.5 
2.76] 1.75/]10.4 [61.2 2.26] 2.00]11.2 
2.64| 1.78/10.6 |60.2 2.31] 2.00 /11.1 








2.80] 1.83/10. 7 |58.5 2.43] 2.02 /10.3 
2.70] 1.73410.5 |61.9 2.25] 1.94 ]11.2 


35 3.10] 1.81 ‘ $3.2 | 2.76] 2.05;410.4 [52.3 
36. 3.12] 1.75) 9.8 [61.2 2.70] 2.02/10.5 [53.0 


1) Load tuned with 13.3 Ohm//80 oF. 








Conditions: Vds= 28V, Po= iSW, Idq=* 25mA, Th= 25°C 











OPTIMALLY TUNED LOAD 
Sampleno. 

= Td Gp Eff. 
Sliceno. (mA) (dB) (%) 
9 - 2 1.23 | 940 |10.9 |S?7.0 
10 1.17] 955 [11.1 |56.1 

16 - 3 975 |11.4 

1? 966 /11.4 
26 - 10 1.02] 950 |11.7 |S6.4 
2? 0.98 | 955 |11.8 |56.1 
35 1.11 | S960 |11.3 |55. 8 
36 °1.41 |] 905 |10.3 |59.2 
43 - 1.01 | 925 {11.7 |5?7.9 
44 1.01 | 925 {11.7 |57.9 












Conditions: Vds= 28V, Po= SW, Idq= 10mA, Th= 25°C 












FIXED TUNED LOAD: ) OPTIMALLY TUNED LOAD 


Sampleno. 
- Pa Id Ge Ps ae 
Sliceno. (mW) (mA) (dB) (mid) Bre ES ae 
340 pes 11.7 |63. = 258 293 112.9 {60.393 
346 11.6 [64. 250 233 |13.0 |60.9 
346 Sha 11.6 /[63. 2 257 233 /12.93 {60.9 


face foes | [ese [aoe fins fore 


a 276 12.0 |64.9 306 {13.4 [58.5 

278 (11.3 |64.2 300 {13.1 |59.5 
7 280 |11.9 [63.8 3068 |13.2 [58.0 
11.4 |64.2 260 300 |12.8 {539.5 


os 385 279 |11.4 |64.0 257 300 |12.9 |69.5 
360 {| 260 /11.5 [63.8 235 302 [13.3 {59.1 


























§) Load tuned vith 82 Ohm//11.1pF. 
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BSLrFrS24ta2a 400MHZ TEST CIRrRCcUILT 
Le 
= 0 +A 
totI4 oo!” 
+VG CN R3 alt 
ti 
be C10 
7 ii 
C7 Cl2 Cl 500h 
: al ml LA BF 242 5 16 L7 16 OUTPUT 
iiPut , lt sg ill (5) ae LLL“ 8 
cr | fg 
oa VILL Ws CBX C15 
63 os Ri | 
c8== C9 ? 
one 8 


LIST OF COMPONENTS (BLE242) 


Capacitors 


Ci= 


€2= 


C3. 


C4= 


C6= 


Ciz2* 


C1 ?7= 


C7= C8= C10= Ci6G= S6OpF =; 


C14= 9.1pF 
CS= C13= C15= 2-18pF 
2/°PpF 


C9= C11= 100nF 


18pF 


2. 2uF 


inductors 


Li= 
L2= 


L3= 
L4= 


L5= 
L6= 


L8= 


L?= SO Ohm stripline 
SnH 


34 Ohm stripline 
156nH 


42.5 Ohm stripline 
13. 9nH 


wideband choke 


Resistors 


R1i= 
R2= 
R3= 


2*133 Ohm in parallel 


100 kOhm 
10 Ohm 


ceramic multilayer chip 
capacitors 

ceramic multilayer chip 
capacitors 

film dielectric trimmer 
(cat.no. 2222 809 09003) 
ceramic multilayer chip 
capacitors 

ceramic multilayer chip 
capacitor (cat.no.2222 852 
47104) 

ceramic multilayer chip 
capacitors = 
Tantalum electrolytic 
capacitor (35V) 


(45. 7* 4.7)mm 

2 turns enamelled Cu-wire(O. 7mm) 
int.dia= 2mm; l= 2. 5mm; 

leads 2*1imm 

(6.0*8.0)mm 

6 turns enamelled Cu-wire(imm) 
int.dia= Gmm; 1= 8.3mm; 

leads 2*5mm 

€S.0*6.0)mm 

2 turns enamelled Cu-wire(imm) 
int.dia= 3mm; 1= 3mm; leads 2*2mm 
ferroxcube grade 3B 

(cat.no. 4312 020 36642) 


metal film resistor (O. 4W) 
metal film resistor (0. 4W) 
metal film resistor (0. 4W) 


Striplines are on double Cu-clad printed circuit board with glass 
microfiber reinforced P.T.F.E. dielectric (€r= 2.2), thickness 
1/16 inch. 


x) American technical ceramics capacitor type i0OOB. 
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PRINTED CIRCUIT BOARD LAYOUT — BLF242 TEST CIRCUIT 





COMPONENT LAYOUT - BLF242 TEST CIRCUIT 
+V, +l 








THE OTHER SIDE OF THE BOARD IS FULLY METALLIZED AND USED AS 
GROUND PLANE. THE GROUND PLANES ON EACH SIDE OF THE BOARD 
ARE CONNECTED TOGETHER BY MEANS OF HOLLOW RIVETS, COPPER 
STRAPS UNDER THE SOURCE LEADS AND AT THE INPUT AND OUTPUT 
AND THE MOUNTING SCREW. 
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BLirsSteadg 4AOOMrR]S. TEST CIRCUIT 
L9 
=" o+Vp 
a es 
Vg Cit RZ 3 L 
) — 
C6 C10 
i l -—} : Cl2 C16 
C2 C4 R2| ge es L8 C16 _ 50 0HM 
dp zzzzeelyy zp fii [IIIs -—<0) OUTPUT 
50 0hm ci 1 12 L3| L6 
INPUT (e—_ VLLLLLLLLLLL LLL LL GEALLTE Sf 7 C13 C15 ~ 
C3 C5 RI} | 
oe aig . 
LIST OF COMPONE BLE244 


tors 


Ci= Cv= C8= C1i0= Ci6= 3; ceramic multilayer chip 
capacitors 

C2= 18pF ; ceramic multilayer chip 
capacitor 

C3= CS= Ci3= CiS= 2-18pF ; film dielectric trimmer 


LS= 


42.5 Ohm stripline 


(cat.no. 2222 809 O9003) 


(S.0*6.0)mm 


C4= 27pF ; ceramic multilayer chip 
capacitors 

C6= CS= Ciil= 100nF 3; ceramic multilayer chip 
capacitor (cat.no.2222 852 
47104) 

C122 33pF ; ceramic multilayer chip 
capacitors 

C14= SpF ; ceramic multilayer chip~ 
capacitors 

C1i?7= 2.2uF ; Tantalum electrolytic 
capacitor (35V) 

Inductors 

Li= 50 Ohm stripline 3 €44.5* 4. 7)mm 

L2= 50 Ohm stripline >; (3.54. 7)mm 

L3= 83 Ohm stripline 3 (10.86*2.0)mm 

L4= 34.5 Ohm stripline s (5.0*8.0)mm 


L6= 


104nH 


83 Ohm stripline 


6 turns enamelled Cu-wire (1mm) 
int. dia= 4mm; 1= 6.6mm; 
leads 2*5mm 


L?= >; (€12.2*2.0)mm 

L&= 50 Ohm stripline 3; €45. 7x4. 7) mm 

L9= wideband choke ; ferroxcube grade 3B 
(cat.no. 4312 020 36642) 

Resistors 

Ri= 2*53.6 Ohm in parallel 3; metal film resistor (0. 4W) 


R2= 
R3= 


100 kOhm 
10 Ohm 


; metal film resistor (0. 4W) 
3; metal film resistor (O. 4W) 


Striplines are on double Cu-clad printed circuit board with glass 
microfiber reinforced P.T.F.E. dielectric (€r= 2.2), thickness 
1/16 inch. 


*) American technical ceramics capacitor type i0OOB. 
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PRINTED CIRCUIT BOARD LAYOUT — BLF244 TEST CIRCUIT 


°' 
Eee ee ee eae be eee 


COCO ONCE OD 


ore atere es 
POU 


70mm 








oe 


PA 8 Oe 00 0 8 eee Ot ee 





COMPONENT LAYOUT — BLF244 TEST CIRCUIT 


2 
4 


OO ea br 
ey ww wr te wy 


oon et atete aere 
5 * e 2 « 
UR MCN PN ie RRR Ie I CO Be Oe eC CO eke he ae he at a he eh a Oe 





THE OTHER SIDE OF THE BOARD IS FULLY METALLIZED AND USED AS 
GROUND PLANE. THE GROUND PLANES ON EACH SIDE OF THE BOARD 
ARE CONNECTED TOGETHER BY MEANS OF HOLLOW RIVEIS, COPPER 
STRAPS UNDER THE SOURCE LEADS AND AT THE INPUT AND OUTPUT 


AND THE MOUNTING SCREWS. 
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SLr245 4s40O0MNH2 TEST CIRCUIT 


L9 
i= ; 0+*Vp 
= 015 
vy; a | 
9° C10 _R3 ae 
iH a 
C6 
a ile T 
cn 
mi 2} BLF265 15 | 17 ise ot 
C1 Lf L2 13 | 6 MLLLLLAMAALMMAMMAMLAMAM MAM ML 
50 OHM 
INPUT ) LLLLLLLLL LLL LMLLL LLL cre ae 
C2 C4 RI] 
C7 C8 


a 8k 


LIST OF COMPONENTS (BLE2Z45) 

Capacitors 

Ci= C6= C7= C9= C1i4= S6OpF ; ceramic multilayer chip 
capacitors 

C2= 2-SpF ; film dielectric trimmer 
(cat. no. 2222 809 09002) 

C3= 2/7pF 3; ceramic multilayer chip 
capacitors 

C4= C1i2= Ci3= 2-18pF 3; Film dielectric trimmer 
(cat.no. 2222 809 09003) 

CS= C8= CiO= 100nF 3; ceramic multilayer chip 

capacitor (cat. no. 2222 852 

47104) mats 

C1ii= A3SpF 3; ceramic multilayer chip 
capacitors 

CiS5= 2.2uF ; Tantalum electrolytic 
capacitor (35V) 

inductors 

Li= 50 Ohm stripline s (31.0% 4.7)mm 

L2= 19.9SnH 3; 3 turns enamelled Cu-wire(imm) 


int.dia= 3mm; l= Gmm; leads 2*3mm 
(9.5*4. 7)mm 
(5.0*8.0)mm 
(5.026.0)mm 


L3=.50 Ohm stripline 
L4= 34.5 Ohm stripline 
LS= 42.5 Ohm stripline 


oo we we ee 


LG6~= S2nH 4 turns enamelled Cu-wire(imm) 
int.dia= 4mm; 1= Gmm; leads 2*5mm 
L7?= SO Ohm stripline 3; (8. 2*4. 7) mm 
L8= 50 Ohm stripline 3 (45. 7*4. 7) mm 
L9S= wideband choke 3; ferroxcube grade 3B 
(cat.no. 4312 020 36642) 
Resistors 
R1i= 100 Ohm 3; metal film resistor (Q. 4W) 
R2= 100 kOhm >; metal film resistor (0. 4W) 
R3= 10 Ohm 3; metal film resistor (0. 4W) 


Striplines are on double Cu-clad printed circuit board with glass 
microfiber reinforced P.T.F.E. dielectric (&r= 2.2), thickness 
1/16 inch. 


*) American technical ceramics capacitor type 100B. 
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PRINTED CIRCUIT BOARD LAYOUT — BLF245 TEST CIRCUIT 
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COMPONENT LAYOUT — BLF245 TEST CIRCUIT 


Q Carer ar eae 
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THE OTHER SIDE OF THE BOARD IS FULLY METALLIZED AND USED AS 


GROUND PLANE. THE GROUND PLANES ON EACH SIDE OF THE BOARD 
ARE CONNECTED TOGETHER BY MEANS OF HOLLOW RIVETS, COPPER 


STRAPS UNDER THE SOURCE LEADS AND AT THE INPUT AND OUTPUT 
AND THE MOUNTING SCREWS. 
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An analysis is given of the wideband transmission line transformer 
with special emphasis on the power handling capability. 
Compensation techniques for extending the frequency range in 
both directions are discussed. 

Some practical examples are given of transformers for wideband 
s.s.b. transmitters in the frequency range 1.6 to 28 MHz, having 
power handling capabilities up to 80 W. 
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1 INTRODUCTION 


Transmission line power transformers can be used to perform a variety of functions, among 
which are phase reversal, balanced to unbalanced coupling, impedance transformation and - . 
hybrid functions. Such transformers find many applications in wide-band power amplifiers . 
for both s.s.b. transmitters in the h.f. region and f.m. transmitters in the lower v.h.f. region. 


The properties of a practical h.f. power transformer are discussed here and their effect on 
transformer performance is analysed. Since losses must be kept low, in practice the transformer 
will use a ferrite core. Further, we have limited the discussion to cores without an air-gap 
since these have a low stray magnetic field, a high permeability, and can cover the power 
range (up to 80 W) dealt with here. Data (dimensions, permeability values etc.) on all core 
types can be found in our Data Handbook "Components and Materials’, Part 4. A glance 
through the Handbook will show the wide range of materials, dimensions and types from 
which the designer may choose. It must be remembered, of course, that when cores con- 
structed in two parts (pot-cores and cross-cores, for example) are used, the type without an 
air-gap must be selected. | 


Throughout we have aimed at giving practical solutions to the problems posed by material 
and design limitations. In particular, compensating techniques for extending the frequency 
range of a number of transformer configurations are discussed. To give an idea of some 
application possibilities, practical examples in several transformer configurations have been 
worked, using transformer cores from our range of ferrites. 


2 TRANSFORMER SPECIFICATION 


The transformer design considerations dealt with in this publication are: 

~— maximum power level io be handled 

— frequency range 

— input and output impedance 

— allowable reflection and resistive losses. 
How a transformer can meet the above considerations for a particular application is analysed 
in the following thrée sections. The first two sections deal with the influence of the core 
and transmission line respectively on transformer performance, and the third with mismatch 
compensation techniques. - 
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3 INFLUENCE OF THE CORE ON PERFORMANCE 


3.1 Primary Inductance 


This inductance determines the amount of reflection at the low frequency end of the band. 
It can be calculated using the formula: 


L = Uoupn? A/l (1) 


inwhich JL = inductance in H 

Uo = 47 10-7 (rationalised M.K.S. units.) 

Mr = relative permeability 

A =average ferrite cross section in m? 

I =average length of the lines of force in m. 

n =number of turns between the input connections. 
ina sample example, like the phase reversing transformer, this relation holds. Other cases may 
require a transformation (see Sub-Section 7.1). 


If degrading of performance at the high end of the band is to be avoided, the value of L must 
not be higher than really necessary. A good practical value is: 


L = 4R/wmin (2) 


in which R = midband input resistance in 22 

Wmin = 27 times the minimum frequency in Hz. 
Where requirements are severe the compensation technique described in Sub-Section 5.1 may 
be used. 


3.2 Core Losses 


The losses caused by the core material will be represented here as a resistance (Rp) in parallel 
with the input. This resistance depends on: 

— the sort of ferrite material 

— the frequency 

— the quantity L/yy 

~ the maximum flux density Bay 

In the small signal case (Bmax? 0), Rp can be calculated with the aid of curves of the type 
shown in Fig. 1*. In these curves a comparison is made between different core materials 
based on equal core dimensions and equal number of turns. It can be seen that 4C4 and 4C6 
are the best materials for frequencies above approximately 2.5 MHz. In the high v.h-f. region 
1Z2 ferroxplana shows interesting properties as can be seen from the same figure. 

The power handling capability of a transformer is closely dependent on the behaviour of Rp 
as a function of Bmax. For the section of the B-H curve with which we are dealing, Bmax 
can be calculated using the formula: 


= Vimax/wr Arn (3) 
in which Bmax = maximum flux density in T** 
Ww = 27 times frequency in Hz 
A = ferrite cross section in m? 
n = number of turns 


Vmax = maximum value of voltage across n turns in V. 


* The curves of Figs 1 and 2 have been drawn from measurements on single samples of the ferrite materials. 
Thus the average curves may differ somewhat from those shown. . 
** The letter T stands for Tesla, the unit.of magnetic flux density in the SI unit system. The following relation- 
ship holds: 
1T = 1 Wb/m? = 1 Vsec/m? = 10 000 gauss. 


289 


7238273 


rt 5 NI 
RAN NF) i 


NIN ATT ET 


oy ae SS sssnase! cee 


oe ee aun J 
Hots aman 
p48 | ae I Coon 


SSE 


10” f (MHz) 10? 





Fig.1. Cities of urR piL slotted against frequency fer our various ferrites. 
The curves have been plotted for small signal conditions (Bmax 7.9). 


In Fig.2, the quantity Uy Rp/L is given for different ferrite materials as a function of the 
product Bmax : f with the frequency as a parameter. The product Bmax - f has been chosen 
because, for most transformers, its value remains constant for changing frequency. From 
Fig.2 it can be seen that Ry decreases as Bmax increases, especially at lower frequencies. 
This forms the primary limit on the power handling capability of these transformers. If 
4C4 material (Fig.2d) is used in the h.f. region, the Bmax -f product must not be higher 
than approx. 2 x 10 T.Hz. Combining this with the choice of Z according to eq.(2), we 
find that the power loss caused by the core material will be no more than 1 %. At frequen- 
cies of 30 MHz and higher it seems that higher Bmax -f products, perhaps up to 10° T. Hz, 
can be us€d. For 1Z2 ferroxplana this has already been confirmed by measurements at 

165 MHz. 


A very conservative choice of the Bmax value must also be avoided because this leads to a 
greater length of the transmission line and consequently more loss at the high end of the 
band. 


4 INFLUENCE OF THE TRANSMISSION LINE ON PERFORMANCE 
4.1 Resistive Loss and Power Handling 


The power loss in the transmission line depends on: 

— the type of line 

— the frequency 

— the length. 

Data on power loss in some 50 22 coaxial cables is given in Fig.3 (p.10). This power loss and 
the allowable maximum cable temperature restrict the power handling of the cable. 

The maximum power which can be transmitted depends on the type of cable and the fre- 
quency; data is given in Fig.4 (p.10). 


4.2 Mismatch Loss 

Another kind of loss caused by the transmission line can occur if the characteristic impedance 
of this line is not the required value. This results in a mismatch being maximum at the high 
frequency end of the band. The amount of mismatch depends on: 


— the ratio between the length of the line and the wavelength on the line 
~ the ratio between the required and the actual value of the characteristic resistance. 
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Fig. 2. Curves of u,R,/L plotted against Bmax -f with 
frequency as parameter | for_ our various types of ferrite. 
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ccs = LLL Fig.2d. 4C4 material. 


Fig.2e, 4C6 material. 


Fig.2¢ 1Z2 material. 
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Fig.3. Curves of power loss plotted against frequency 130 three 50 2 coaxial cables. 


A: diameter = 1.7mm. B: diameter = 2.8mm. C: diameter = 5 mm. 
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Fig.4. Curves of power handling capability plotted against frequency for two 50 2 coaxial cables. 
A: diameter = 2.8 mm. _B: diameter = 5 mm. 


From transmission line theory the input impedance is given by: 
1 +jrtan pl 
Zin = Rin: iE (4) 
1+ ] ry tan Bl 


inwhich jp = midband input resistance 
r = ratio between the actual and the required characteristic resistance 
B = 2n/d 
X= wavelength on the line (for 50 22 coaxial cables approx. 67 — 70 % of 
wavelength in free space) 
l = length of the line. 
7 If the deviation of Zjp from the required value is unacceptably large it is in many cases pos- 
19 sible to make use of the compensation technique described in Sub-Section 5.2. 
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5 COMPENSATION TECHNIQUES 
5.1 Compensation At Low Frequencies 





7258259 





Fig.5a. Schematic diagram. Fig.5b. Low frequency equivalent diagram. 
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Fig.5c. Equivatent diagram with compensation. Fig. 5d. Schematic diagram with compensation. 


Compensation will be illustrated by means of the phase reversing transformer. The schematic 
diagram is given in Fig.5@ and the equivalent diagram for the low frequency end of the band 
is shown in Fig.5b. For compensation we add two equal capacitors Cy such that a high-pass: 
T-filter section is formed (Fig.5c). According to filter theory: 


~ Cy = 2L/R? (5) 


The original diagram of Fig.5a is now transformed to the new one of Fig.5d. If L is dimen- 
sioned according to eq(2) the input impedance without compensation at the lowest frequency is 
R/( +744). With compensation the input impedance is (.999R// + 7.264 R), illustrating that 

the mismatch has been reduced to a negligible level. 


For some types of transformer, the capacitor at the output must have a different value from that 
at the input. With a 1 : n? impedance transformer, for instance, it must be n? times smaller 
than the capacitor at the input. | 


Sometimes two or more transformers must be connected in cascade. In such a case low 
frequency compensation is possible if a high-pass 7-filter section is used (Fig.5e). When the 
parallel inductances of the transformers at the interconnecting point are both approximately 
equal to L, the capacitance of Cy must be L/2R?. 
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Fig.Se. Equivalent diagram of cascaded 
transformers with compensation. 


1] 


Fig.5. Low frequency compensation of the phase reversing transformer. 
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5.2 Compensation at High Frequencies 


This is only necessary when the characteristic resistance of the transmission line differs from 
the required value. A situation often met with in practice is that in which the required 
characteristic resistance is lower than that of the available line. Taking the simple case of 

the phase reversing transformer (Fig.6) with a required characteristic resistance equal to R, 
we find that compensation for an actual value equal to r x R can be made as follows. In 
parallel with the load resistance, we connect a capacitor of such a value that at the highest 
frequency the real part of the input admittance becomes 1/R, The resulting imaginary part 
of the input admittance is tuned out by means of a capacitor in parallel with the input. Both 
capacitors turn out to have the same value; given by 


= 1 ae oe eee eh 
> Oe (6) 


in which Wmax = 27 times the maximum frequency. The schematic diagram is shown in Fig.6. 
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Fig.6. Phase reversing transformer with high frequency compensation. 


The result of this compensation is an exact match at the maximum frequency. There will be 
however, a slight mismatch at lower frequencies which is many times smaller than that at the 
maximum frequency without compensation. A combination of high and low frequency com- 
pensation is of course possible. 


6 TRANSFORMER CONFIGURATION 


‘Because of the variety of the existing configurations it is hardly possible to give a complete 


survey. Therefore a restriction will be made to some principally different types. 


6.1 Phase Reversing Transformer 
This type has already been ‘discussed in the previous section. 


6.2 Balanced to Unbalanced Transformer 


The schematic diagram is shown in Fig.7. This type can be considered as a modification of the 
phase reversing transformer. The primary inductance in this case is 4 times the inductance of 
the winding between the points A and B because of the voltage division. If low frequency 
compensation is used, a capacitor equal to 2Cz, must be placed in series with each input 
connection (see Section 5.1) to preserve symmetry, and one capacitor equal to Cy, in series 
with the output (point B). 


+ 
+3V V 
. s{ 
AS 


-3V 
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Fig.7. Balanced to unbalanced transformer. 


6.3 Symmetrical* 1 : 4 Impedance Transformer 


The schematic diagram is given in Fig.8. Two cables each having a characteristic resistance 
of 2R, can be wound on a common core. The direction of the windings follows from the 

voltage division. Low frequency compensation can be made with a capacitor equal to 2Cy, 
(see Section 5.1) in each of the input leads and a capacitor equal to 1/2Cz, in each of the 
output leads. | 





2 A B 
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Fig.8. Symmetrical 1 : 4 impedance. transformer. 


6.4 Asymmetrical 1 : 4 Impedance Transformer 


If, in the 1 : 4 impedance transformer of section 6.3, the points A and B are connected to 
earth it is no longer possible to wind the two lines on-a common core. In fact the lower 
line may bé wound on an "air core” because there is no voltage difference between the 
points.A and B. The logical next step is to omit the lower line completely (with a con- 
sequent slight phase difference between the lines). Then we get the transformer shown 
in Fig.9. The characteristic resistance of the transmission line has again an optimum value 
of 2R. But even if this value is chosen the input impedance is not constant as a function 
of frequency. From theory {see ref.5) it is: +2 
Zin @ RX 2 cos Bl + jr sin Bl (7) 
1 + cos Bl +/+ sin gl 


in which 7 = ratio between the actual characteristic resistance and 2R. 


R-—-> 4R 
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Fig.9. Asymmetrical 1 : 4 impedance transformer 


If r > 1 high frequency compensation is sometimes possible. A capacitor C1 given by: 


ye ee 2 yf went 

Ge 1+cosBl-VU + cos Bl) r’ sin” Bl (8) 
Wmax rR sin Bl 

must then be connected across the input and a capacitor C2 given by: 


C= 2 cos Bl -s/(1 + cos Bl)? -r? sin? By. (9) 
2 4uomax PR sin Bl 


must be connected across the output. 


* Terminology in normal use is employed to describe the various transformer configurations. However the 
” + mont Me ” 7 ” : . 
terms symmetrical , balanced and push-pull are used here synonymously to mean antiphase port signals 
having equal amplitudes with respect to ground , while likewise ‘asymmetrical’, ‘unbalanced’ and single- 
ended are synonymous with One port terminal grounded’. 
Strictly defined, the terms asymmetrical’ and “unbalanced” also apply to unequal port terminal values with 
respect to ground. 
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6.5 Symmetrical 9 : 1 Impedance. Transformer 


The schematic diagram is given in Fig.10. The two transmission lines have an optimum 
characteristic resistance of 3R. They can again be wound on a common core, and the third 
line omitted as in the previous case. The input impedance is given by: 


‘ re 
Zin= 9RX 5 cos B/ aie (10) 
9 cos Bl +7 — sin Bl 
in which r is the ratio between the actual characteristic resistance and 3R. 
If r > 1 high frequency compensation is sometimes possible. A capacitor C given by: 
_ 445 cos Bl-/9(3 cos? Bl + 4 cos Bl + 2) - 36.7? sin? BI 
Ce eee SCT) 
6Wmax 7R sin Bl 
must than be connected across the low impedance side, and a capacitor C2, given by: 
: 2 +7). rer, 
Ge 9 cos Bl - \/9(3 cos? Bl + 4 cos Bl + 2) - 367? sin? BI (12) 


S4wmax *R sin Bl 


must be connected across the high impedance side. 
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Fig.10. Symmetrical 9 : 1 impedance transformer. 


6.6 Asymmetrical 1 : 9 Impedance Transformer 


In this transformer (see Fig.11), two transmission lines are required, each having an optimum 
characteristic resistance of 3R. Although these lines can be wound on a common core, the 
upper line must have twice the number of turns of the lower line, because of the voltage 
division. The third line has again been omitted. 


High frequency compensation follows the same principle as that used in previous sections. 
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Fig.11. Asymmetrical 1 : 9 impedance transformer. 


6.7 Single-ended Hybrid 


This circuit (see Fig.12) permits the combination of two signals in a common load (R/2) in 
such a way that the signal sources do not influence each other. When the two signals have 

different frequencies the power is equally divided between the resistors R/2 and 2R. When 
the two signals have the same frequency, phase and amplitude, all the power is delivered to 
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Fig.12. Single-ended hybrid. 


R/2. The optimum value of the characteristic impedance of the transmission line is equal to 
R. At the low frequency end of fhe band the isolation between the sources depends on the 
inductance of the winding. When the isolation is exprossed as a power ratio S the inductance 
between the points A and B must be: 


R [an : 
b= —|/ (13) 





Even when the optimum characteristic impedance is chosen, high frequency compensation 
has been found to have a marked influence on the isolation. Practically it has been found 
that a small capacitor must be connected in parallel with R/2. 


To illustrate the degree of isolation that may be expected in a practical design, an example 
is given of a hybrid transformer designed for the frequency band of 1.6 to 28 MHz. The 
requirement was to combine two signals of different frequency and equal power-(3 W in 

100 &2) in a single 50 Q load with a minimum isolation of 40 dB between the sources. 
From eq.(13), it follows that Z must be 125 wH minimum. Because of this high inductance 
it was decided to choose 3H1 material. An available 23 x 14 x 7 mm toroid belonged to 
"group 5” which meant that the minimum py was 2680*The required number of turns was 9 
The optimum value of the characteristic resistance is 100 , but for reasons of convenience 
150 2 miniature twin lead was used. The calculated value of Bmax was 87 gauss at 1.6 MHz. 
High frequency compensation was achieved by means of a 33 pF capacitor in parallel with 
the 50 22 load resistance. The isolation between the sources measured as a function of 
frequency is given in table 1 below, illustrating that the minimum isolation requirement 

of 40 dB has been fulfilled over the desired frequency band. 


Table I. 
f (MHz) isolation (dB) 
0.5 33 
1 41 
1.6 42.5 
5 40.5 
15 41 
28 43 
40 32 


6.8 Push-pull Hybrid 

Two different versions will be discussed. In the first one the impedance level is stepped-up by 
a factor of two and in the second the impedance level is stepped-down by a factor of two. 
6.8.1 Impedance Step-up Type 


_ The two transmission lines (see Fig.13) have an optimum characteristic resistance equal to R 
and they can be wound on a common core. 


“For the convenience of the user the toroids of ferroxcube 3H1 are delivered sorted into groups of 
approximately equal u-value. The p-value is indicated by the colour of the circumference of the 
toroids, see Data Handbook System. Groups are not separately available. 
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+5 (Vj+V2) -4(Vy+V2) 


Fig.13. Push-pull hybrid with impedance step-up. 


A hybrid can always be used in two ways. The first way has been mentioned in Section 6.7. 
The second way is the inverse of the first i.e. the power from a single source is equally 
divided between two loads which are isolated from each other. The latter arrangement 

allows a more convenient calculation of the lower frequency limit. To do this we must know 
the effective inductance in parallel with 2R. The voltage across this resistor is 4 times the 
voltage between the points D and F and therefore the effective inductance in parallel with 
2R is 16 times the inductance between the points D and F. For low frequency compensation 
the effective inductance in parallel with 2R can be considered as two equal inductances in 
series — one between points E and O and one between points F and O -- each having a 
value of 8 times the inductance between points D and F. The hybrid can then be considered 
as two balanced to unbalanced transformers on a common core and the compensation can be 
made as described in Sub-Section 6.2. 


6.8.2 Impedance Step-Down Type 


This hybrid (see Fig.14) is identical to the previous one except that the transmission lines 
on one side have been connected in parallel instead of in series. When this hybrid is used 
for the combination of two signals which have the same frequency, phase and amplitude, 
the ferrite core will not be magnetized. However when V2 becomes zero, the voltage 
across each winding will be V1/4 and the voltage across R/2 will be Vj/2. This means that 





the effective inductance in parallel with R/2 becomes 4 times the inductance of a single _ 
winding. A similar approach must be used in finding the winding V/turn when calculating 


Bmax: 
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+7 (Vy +V2) IR -2(Vy+V2) 


Fig.14. Push-pull hybrid with impedance step-down. 


7 PRACTICAL EXAMPLES 


It is possible to combine some of the functions, mentioned in Section 6, in one transformer. 
In the two examples given. simple calculations show the method used.in designing for a 
particular application. 
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7.1 12.5 Q Balanced to 50 Q Unbalanced Transformer 


In this case, the transformers described in Sections 6.2 and 6.3 have been combined. The 
schematic diagram is shown in Fig.15. A transformer of this type is required for a wideband 
s.s.b. transmitter in the frequency range of 1.6 to 28 MHz. It must be able to handle a peak 
envelope power of 80 W. The input impedance is 12.5 2 balanced and the output impedance 
is SO 2 unbalanced. The total amount of resistive and reflection losses is required to be below 
5 % (power). 





Fig.15. 12.5 9 balanced to 50 2 unbalanced transformer. 


The transformer has been wound on a single 4C4 toroid of 36 x 23 x 15 mm. Windings ZL 
and Z72 must have a characteristic resistance of 25 Q; they consist of two 50 2 coaxial 
cables of 2.8 mm diameter in parallel. Winding Z3 must have a characteristic resistance of 
50Q; a single 50Q coaxial cable of 2.8 mm diameter has been used. The winding direction follows 
from the voltage division. From this it is also clear that windings L 1 and L2 must have an equal 
number of turns and that winding Z3 must have twice the number of winding ZL. 

_ We can calculate the lower frequency limit from the effective inductance in parallel with 

the 50 22 load resistance. We allow a reactance of +j 200 2 at 1.6 MHz, corresponding to 
an inductance of 20 wH, in parallel with the 50 2 load (see Section 3.1). As the voltage 
between points A and B is % of the output voltage, the inductance between these poirits will 
be 20/16 = 1.25 wH. The corresponding number of turns is: 


Lel 
Uo br A 





in which 1/A = 9.42 cm: and py is taken to be 100. This gives: 
n= 3.06. 


We take n = 3.5 turns, making the inductance in parallel with the 50 2 load resistance equal to: 


(22) = 26.2 uH minimum. 
3.06 
The measured value was actually 39 wH, because the uy of the core used was greater than 100. 


The maximum flux density Bmax can be calculated when the maximum voltage across the 
windings is known. The peak value of the voltage across the 50 Q load resistance for an 80 W 
power level is: 


Vp = V2 x 80x 50= 89.5 V, 


and between points A and B: 89.5/4 = 22.35 V. The ferrite cross section for this ‘core is. 
0.976 x 10-*m? So at 1.6 MHz the maximum flux density is: 


V. Qe 
Y max 22.35 
Boas o = =65.4x% 10° T 
max "“wAn 2x7x1.6x 10° x 0.976x 10*x3.5 a 
or 65.4 gauss. 
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This corresponds to a Bmax -f product of 1.05 x 10* T. Hz. From Fig.5 it can be seen that up 
to this level the variation in core losses is only very small. The: minimum value of the parallel 
loss resistance referred to the 50 {2 level (see Fig.5) is: 


26.2 x 10° 
100 


So the core losses are: 50/10 700 x 100 %=0.47 % maximum. 


The cable can handle a power of 170 W at 28 MHz and it has a loss of 0.135 dB/m at this 
frequency. The length of the cable (the sum of L; and L3) is about 60 cm, giving a maximum 
cable loss of approximately 1.9 %. 


Rp= 2 x41 x 10? = x 41 x 10? = 10.7kQ. 


When the transformer was driven from an unbalanced 50 © source and loaded with two resistors 
of 6.25 Q at the balanced side (connecting point of the resistors earthed) the power loss and 
asymmetry were so small that they could not be measured. The input impedance at the un- 
balanced side as a function of frequency is given in Table 2 below. 


Table 2 . 
f (MHz) Rp (82) Xp (2) 
1.6 49.3 4 395 
5 49.6 4, 1250 
15 50.2 +) 21200 


28 —50.2 —j 1060 


7.2 50 Q Unbalanced to 5.55 2) Balanced Transformer 


In this case the transformers described in Sub-Section 6.2 and 6.5 have been combined. The 
schematic diagram is given in Fig.16. A transformer of this design is again required for a 
wideband s.s.b. transmitter in the frequency range of 1.6 to 28 MHz. The required peak 
envelope power handling is 5 W, with an input impedance of 50 2 unbalanced and an 
output impedance of 5.55 Q balanced. » 
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Fig.16. 50 2 unbalanced to 5.55 2 balanced transformei. 


The transformer can be wound on a single 4C4 toroid of 23 x 14x 7mm. Winding Z must 
have a characteristic resistance of 50 2; this has been approached by a twisted pair of 
enamelled copper wires of 0.45 mm diameter (Re = 52 9). Windings L2 and L3 must have a 
characteristic resistance of 167/3 2. For this purpose four enamelled copper wires of 0.22 mm 
diameter have been twisted and diagonally interconnected as shown in Fig.17; the character- 
istic resistance was found to be 30 922, making a high-frequency correction necessary. The 
required compensation, determined experimentally, gave values for C of 22 pF and for C2 

of 270 pF. 
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Fig.i7, Interconnection of winding wires. In the cross-section shown, the two wires indicated by dots are 
interconnected, as are those indicated by crosses. This configuration gives a maximum winding capacitance, 
necessary for a low characteristic resistance. 


301 


From the voltage division it follows that winding Lj must have 114 times the number of turns 
of windings L2 and L3. The required number of turns can be calculated in the same way as 
in the previous section. To get a parallel input inductance of 20 wH minimum, 9 turns are 
required for winding Lj. The measured value was approx. 30 wH. 


Calculation of Bmax according to the method of Sub-Section 7.1 gives a value of approx. 

40 gaiiss at 1.6 MHz. This is so low that a smaller core could be chosen. The reason for not 
doing this is that the smaller core has not sufficient room for the windings. In Table 3 below, © 
the input impedance is given as a function of frequency. | 





Table 3 
without h.f. compensation with h.f. compensation 
Rp (Q) Xp (2) Rp (2) Xp (2) 
“A6 49 +j 300 48 +4 370 
5 50 +; 360 49 +, 840 
15 56 + 220 50 +j 1400 


28 71 + 213 51 —j 11000 





If there is no high frequency compensation, the variation in impedance is rather large. This 

is caused by: 

— the characteristic resistance of the transmission lines Lz and L3 being 30 © instead of 
16 7/5 2. 

— the electrical length of the windings L2 and L3. Measurements have shown that the wave- 
length on these lines is only 41 % of the wavelength in free space — the decrease in wave- 
length being caused by the twisting of the wires, the dielectric constant of the wire 
insulation and the influence of the up of the ferrite core. | 

— the inductance of the load resistors. 


The power loss measured at 28 MHz was 0.34 dB. At lower frequencies it was too small to 
be measured accurately. Voltage asymmetry between both terminals was less than 4 %. 


“ 
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SUMMARY 


A description is given of two wideband class~A amplifiers, 
intended for driver applications in 5.5.B. transmitters. 
The first amplifier contains a BLY32A and delivers 3wW P.2.P. 
at an I.M.D. of better than ~40dB. The gain is 18.1 +0.2dB 
over the frequency band of 1.6 to 28 MHz and the input 
V.5.W.R. is less than 1.3. 

The second amplifier uses a BLA13 delivering 8W P.3.P. at 
an 1.M.D. below -40dB. Its gain is 16.3 +0.2dB over the 
above mentioned frequency band and the input V.5.wWeR. is 
1.5 maximum. 


Both amplifiers operate from a supply voltage of 28V. 
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Fig. 4 shows the circuit of a wide-band SSB module equipped with BLX13 
operating in class A, The amplifier covers at least the h.f. band of 
1.6 = 28 MHz. 


Fig. 5: The behaviour of the power gain and input VSWR versus frequency. 
Power gain = 16.8 +0.2dB; VSWR <1.5. 


Fig. 6: The I.M. distortion, characterised by the d,. 


Harmonic suppression: 
and >28dB; 36d >35dB at 6 Watts Ps 
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Fige 2 Fig. 3 


Fig. 1 shows the circuit of a wide-band SSB module equipped with BLY32A 
operating in class A. The amplifier covers at least the h.f. band of 
1.6 - 28 MHz. 


Fig. 2: The behaviour of the power gain and input VSWR versus frequency. 
Power gain = 18.1dB +0.2dB; VSWR <1.3. 


Fig. 3: The I.M. distortion, characterised by the d,. 


Harmonic suppression: 
and > 20dB; 3d 231dB, at 3 Watts P. 
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Introduction 


C.AeB. report COE 71103 q describes a wide-band linear SSB module 
capable to supply 80-100 watts PEP output covering the main SSB band from 
1.6 to 28 MHz. 


The amplifier contains two pieces BLX14, connected in push~pull and 
operating in class AB. 


The power gain approximates 16dB, what asks for a drive of abt. 2.5 watts. 


This report describes the set-up of two suitable driver modules with 


resp. BLYJ2A and BLX13, operating in class A. 


The power gain is 17-19dB, resulting in a drive of some tens of milliwatts. 


Design considerations 


The problems occuring with this kind of amplifiers are quite different 
from those of tuned amplifiers. 
Linear and non linear distortion need to be very low over a wide frequency 


rangee 


The constancy of the gain versus frequency, the linear distortion, must be 
within tenthsofa dB,whilst the non linear distortion characterized by 

the intermodulation distance (d,-d5) has to be very low. The requirement on 
I.M. distortion for the complete amplifier is in most countries -26dB or better 
This can be realized with a final stage having an I.M.D. of -30dB and a driver 
with -35 to-40dB. 

Likewise the input VSWR needs to be small enough over the whole range, 

because it is directly associated with the loading of a possible pre-driver. 


In any case these values need to be superior to those of the final module. 


Typical values measured on the final module: 
P, = 100 watts PEP for at least a, < -30dB, whilst the gain is 16dB, 
what asks for an input power of 2.5 watts. 


Highest VSWR is 1.4. 
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The fact that such a VSWR occurs implies that the driver has to supply a 


power of at least 2.5 watts into an impedance between 35 and 70 Ohms. 


Target: 
EG = 3 watts PEP for 


a, <-40dB oorresponding approximately 
with: PS = 4 watts PEP for qd, ¢ 


~30dB 

Two different drivers have been constructed. 

Originally we started with a BLX13 version; afterwards this amplifier 
appeared too large in capability. However the results will be given in 
this report as an application example (amplifier 2). 

Later an easier set-up has been designed, based on the BLY92A being a 
175 MHz transistor (amplifier 1). 


It is obvious to start with the latter, having appr. 18dB gain. 


Both amplifiers utilize series- and shunt negative feedback, whilst wide-band 


transformers serve as matching elements. 


In order to obtain the best linearity class A operation has been chosen. 


Circuit description 


General 


In main lines the amplifier is equal to one of those described in ref. 2 


(I. 


Fig. 1 shows the basic circuit of a feedback amplifier with combined voltage 


and current feedback. 
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In— and output impedances are 502. 


Fig. 1 





To realize the target mentioned in the previous section we must take into 
account a power loss of appr. 20% in the feedback resistors. So the required 
transistor output is 5 watts PEP at -30dB I.M.D. | 
As the maximum efficiency of a class A amplifier is 50%, the required D.C. 


input power to the transistor must be 10 watts. 


ED ED aapEsy abe <p 


The applied transistor BLY92A is a 28 Volts type. 


To make an output transformer superflucus the ratio of Le and I, must be 
appr. 50 Ohms. Together with the DC input power of 10 watts this leads to 
an adjustment of ‘ ws 22 Volts and I, 8450 mA. This operating point lies 
within the DC SOAR and is acceptable up to heatsink temperatures of 70°C. 


Fig. 2 





Fig. 2 shows the simplified HF circuit in which Vice and I, are in phase. 
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At N = 22 Volts the total collector capacitance is 20.5 pF. 
Appr. 71% of this capacitance is between collector and base, 80: 
Che = 0.71 x 2065 = 14.6 pF. 


Due to R.F. excitation the effective value of this capacitance is appr. 10% 
higher, so it becomes 1.1 x 14.6 = 16 pF. 


At the maximum frequency of operation, viz. 23 MHz the reactance will be: 
Ms = 355 Ohms. 


Vue = KeT/q 0.025 Volts at 25°C. 


Because Poe = 10 watts and Vie = 22 Volts, the I, = 455 mA. 


This operating point, related to the f, curve, is acceptable. 


The relation between I and lve iss 
f/f, 7 1/1 y¢ 


with fn typically at 450 MHz (Vor = 22 Volts) and the upper working 


frequency f,, = 28 MHz Igpe follows from: 


ame 


Tope = 2455 x 28/450 = 28.3 ma. 


Calculating with Dog = 50, Inve becomes 9.1 mA. 
Tbe and Ic add in the emitter resistor R, (Fig. 3). 


log. 
Hence : Ir, = 455 + 9.1 = 464.1 mA 
"Cee whilst: Vo /-3 Xoc = 22,025/+j355 = j 62 mA 
be 


IR be 
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363 The input circuit 


The transistor can now be inserted in the feedback chain, whilst by means 
of a transformer the input is adapted to 50 Ohms. 
To obtain matching over a wide-bandwidth a 1:4 transmission line type has 


been applied. 


Fig. 4 shows the extended circuit. 


The source impedance R = 50 Ohms. 





Because the impedance step is 4:1 the impedance between midtap B and earth 
is 50/4 = 12.5 Ohms. 
The current I, has a complex character and is ecual to: 3.1 + j 90.3 mA. 


So T, = 4.55 + j 45.15 mA. 


It is advisable to equalise at point A the real part of the current to 
the imaginary part so I, = 45.15 + j 45.14 mA. The remainder of the ohmic 
part 45.15 - 4.55 = 40.€ mA flows into the feedback resistor Rpi 


1, = 40.6 mAe 


311 


ECO 7113 


-k6~ 
Now the input voltage V, can be derived from 
Rel, = 50x 45.15/10? = 2.26 Volts 
whilst the effective power becomes; 
2 2 
Po ore 7 Vy /2eR = 2426 /2x 50 = 0.051 Watts. 


V5 is equal to half the input voltage: Ve « 1.13 Volts causing an emitter 


voltage of 1.13 — 0.025 = 1.1 Volt. 


Re can now be derived from: 
R, = (V, - V,,) re (I, +1) = 1.1/464.1 = 2.38 Ohns. 


The internal r, =0.2 Ohm , so the external R, has to be 2218 Ohns. 


30301 The input transformer 


Wide-band transformers for the h.f. band can be executed as conventional 


and transmission line type. 


A conventional type consists of a magnetic core and separate primary and 
secondary windings. In a transmission line type these windines have been 


combined to form one or more transmission lines, symmetrical or coaxial. 


The advantage of the latter is that the stray inductance and the winding 
capacitance are absorbed in the line configuration so that the upper 
frequency limit is considerably shifted to higher regions. The primary 


inductance plays a role at low frequencies. 


In this way extremely wide bandwidths can be realized, however, with the 
disadvantage that only transformation ratios of (om) e.@- 1:4 are 


possible. (n and m have to be integers). 


4 


In CAB-reports NCO 6814 2 and ECO 6907 th 


wide-band transmission line transformers, in the latter with special 


analysis have been given of 


emphasis on the power handling capability and the compensation technique. 
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The most suitable core shape was found to be a ferroxcube twin bead as 
shown in Fig. 5. The 4B1 grade materia! has been founi a good compromise | 


between core losses and obtainable bandwidth. 


It was found that a line of two twisted Culm wires of 0.45 mm dia has 

a characteristic impedance of 51.5 Ohms. This impedance is incorrect when 
used for a (50:12.5) Ohms transformer - it has to be (2, -Zoun)? = 25 Ohms - 
as utilised in our case, but in practice this fault is small and can be 


accepted in this frequency range. 


Report NCO 6814 mentions that the power loss of a similar transformer at 
27 MHz is: 

6% ~- 5 watts. 

4.5% - 14 watts.. 

3.5% - 40 watts. 
whilst the 3°4 harmonic distortion, indicating the linearity, is less than 
0.1% at 27 MHz for P, = 40 watts. 


Some experience has been gained in determining the number of turns and the 


winding system. 


Optimal results were obtained with a type shown in Fig. 6. 


3.5 6 & yitle 


th.mm 2 x 0.45 mm twisted 
Cusm wire. 





Fig. 5 Fig. 6 


Catalog number 4312 020 31570 
The table below provides some information on the mid-tap impedance when 


the primary is loaded with 50 Ohms (measurements with the aid of the 
HeP. 4815A). 
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f (MHz ) Z (ohms Phase (degrees 
1.6 | 12.80 +9 
3.5 13.20 | +645 
720 13.25 +9 
14.0 | 13.40 +14.5 
28.0 14.60 425.5 


To get an idea cf the inductance and coupling factor k the total (La) 
and mid—tap (L,,) values at 1.6 MHz have been measured. 


bn ee a an 2 2002) . 


Calculating with these values yields an exact value of k = 1, 
In reality a value of k very close to 1 is attainable. 


Fig. 7 shows the equivalent circuit at 1.6 MHz. 


Li, = aa bee | 


Fig. 7 





The output circuit 


With reference to Fig. 4 it can be seen that the collector peak voltage is: 


Veg = Vee =m 22 ~ 1.1 = 20.9 Volts, whilst because A = 7 + I, the current 


through R) is 455 - 40.6 = 414.4 mA. 


According to this Ry and the power in this resistor can be calculated fron: 
R, = V/1. = 20.9/0.414 = 50.5 Ohms 


Poo Vo-1./2 ~ 20.3 x 0.414/2 = 4.33 watts, 


what reasonably approaches the target of 4 watts. 
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365 The output matching 
In the practical circuit an L-section is inserted between collector and 
load to compensate for the capacitive output. 
The total collector capacitance at Vy «= 22 Volts is equal to 20.5 p*. 
Due to R.F. excitation this capacitance increases by appr. 10% so it 


becomes 1.1 x 20.5 = 22.55 pF. 


To this value the stud-—capacitance of 2 pF must be added, giving 

22.55 +2 = 24.55 pF. 

The collector-input feedback impedance contains an inductance (see section 
3.6), by which a negative capacitance of 4.3 pF is presented to the 
collector. Now the total collector~ground capacitance becomes 20.25 pF, 


having a reactance of -j281 Ohms at 28 MHz. 


The output resistance of 50.5 Ohms in parallel with the output capacitance 
have to be adapted to 50 Ohns. | 


This can be arranged by a simple low-pass section (Fig. 8). 


X, (7) 









Re: 50.52 i Kew] 2812 || fox son 


Fig. 8 


Very useful wide band matching systems will be found in an article of 


Horst Nielinger. [| 
With the aid of this article the value of x, (resp. L) has been determined 


for the most optimal VSWR. 
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The calculation process goes as follows: 


Ro/Xo min ~ a asl "6 
tite = 28 MHz 
Xo min = 1/2" £,,2¢ = 261 Ohms 
Re = 50 Ohms 
Ro/Xo min 7 30/281 = 0.178 —» VSWR max = 1.03 
Xi max 7 Oe178 x 50 = 8.9 Ohms : 
Lo= X sagen fiax 7 9-9/6.28 x 28x10 = 50.6 nH. 


3-5-2 The collector choke 


De ep ee Ome ee ee OS ee ete ee ee em ee eee ee - es ce op a 


some effort has been put in obtaining a suitable collector choke. An acceptable 
solution appeared to be the application of a 4Bi ferroxcube bead wound with 
a single layer of 0.25 mm Culm wire. Between the windings and the bead body 


a layer of thin tran.former paper ha: been inserted. 


The following measurements with the aid of an RF vector impedance meter 


will show the behaviour over 4 octaves. 


< 


f (Miz ) 2 (Ohms ) Phase (degrees } 


1.6 170 +90 
325 365 +90 
7.0 “755 +90 
14.0 | 1850 +90 
28.0 43.10° +2) 


Parallel resonance at 28.7 MHz 
Inductance at 1.6 MHz is 1669 Au. 
In order to get an idea of the core saturation and its influence on the 


choke capabilities, some measurements have been made with the set-up of 


Fige 9. 
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—e 7-3A ac LZ 
J 
oc. Supply f pied of 
HP4B8ISA Fig. 9 


It appeared that even with 3.5 A the results showed only small deviations. 


f (MHz Z (Ohms ' Phase (degrees ) 


1.6 81 +90 
35 173 +90 
7.0 350 +90 
14.0 7195 +90 
28.0 325.102 +96 


The parallel damping Ry at 1.6 MHz has been measured with the Rx meter 
(HP 250B). The value of one coil is 11.5 kOhms. 


325-3 Low frequency compensation 


ae 


For frequencies around 1.6 MHz the infiuence of the supply choke and the 
d.ce blocking capacitor is no longer nesligible. 
Fig.e 10 shows how it can be arranged that these components form the 


elements of a high-pass filter (4 section). 


: x, Ro=S02 
1) 


Fig. 10 





According to (5, ° 


Ro/X, min ~ Ko o/h 
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f nin = 1.6 MHz 
KX omin 7 2 fmine L = 170 Ohms 
Ro a 50 Ohms 
Ro/X, nin” 50/170 = 0.293 —* VSWR max = 1.085 


6 


Com 1/27 fee Xo may & 1/6028 x 166 x 10 x 14.65 = 6.83 nF 


min 
Peedback Rp and Lp 
The value of the feedback resistor can be derived from the data of Fig. 4. 

R 


£ 


In practice a parallel connection of 820 and 1800 Ohms has been chosen. 


= Vfl = (20.9 + 2.26)/40.6 x 107> = 570 Ohms. 


The collector feedback inductance has been determined by experiment. 

It has been based on favourable experiences with L/R ratios in preceding 
designs, because the calculation is rather complex. 

As Fig. 11 shows one needs to transform the Rue? Che? Che and Rey in what 


case shunt compensation has been applied. (L ecl. R*.C). 


Le has been chosen equal to Soy as being a microchoke. 


6, 
(Coct Coe), 
a) f1 fo ef 


be pree ~/ 502 


S02 





(w ithout l fr) 
Fig. 11 


EOD CLA bellied cas ka 


As Fig. 12 shows the feedback resistors form part of the d.c. equivalent 


circuit. 
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820//820.2 18 //18.2 


Fig. 12 





The component values of Fig. 12 differ somewhat from the calculated ones, 


however this has almost no consequences for the final results. 


To provide a bias voitage that varies with temperature in the same manner 
as be of the transistor the circuit contains a compensating diode. 
To insure a fast thermal response time this diode (BA145) is mounted on 


the heatsink near the transistor bolt. 


The feedback resistors have been composed of several ones in parallel. 


Particularly the emitter resistor needs to have a small series inductance. 


Measured results 


Measurements have been carried out under the following conditions unless 
stated otherwise: 

Vp = 28 Volts 

Ro» Ry = 50 Ohms, 


Ambient and stud temperature qT, = Ts = 25°C. 


Input VSWR and power_gain 


These values have been measured versus frequency with the set-up of Fiz. 13 
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Coaxial TERM. (S02) 






GEN. 
4.6-30MHz 







COAX/AL TERM. 
(5038) 








HP B4osA 
VECTOR. 
YouT MTR 






Fig. 13 


f (MHz) Wears (mV) Vier, (™) Fhase (degr.) VSWR gain (dB) 


ee 


1.6 89 10 72 1.30 18.00 
2.0 89 8.8 17 1622 18.02 
3.5 87 4.9 82 1512 18,20 
5 87 3.4 83 1.08 18.520 
7 BT 2.5 T1 1.06 18520 
10 87 204 58 1.06 1820 
14 87 ~ oe) 48 1.08 18.20 
20 87 561 48 1642 18.20 
28 86 8.2 57 1.21 18,30 


These measurements have been carried out for Pe = 1 watt. 


The results from the vector voltmeter were converted to VSWR and gain with 


the aid of an HP J100A calculator. The results are plotted in Fire. 14. 


Internodulation distortion 


The iem. distortion versus output power is measured with a two tone signal 


(p, q) at the spot frequencies 1.6, 3.5, 7.0, 14.0 and 28 Miz. 
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This signal is made as follows: The output signals of two X tal oscillators 
with a difference of 1 kHz, switchable in pairs at above frequencies, 

have been separately amplified in two linear wide-band amplifiers. These 
amplified signals have been combined in a hybrid and via switchable low- 


pass filters supplied to the amplifier under test. 
The oscillator kit also contains X tal oscillators presenting the local 


oscillator signals to the spectrum analyzer SING MF5. Fig. 15 shows the 
block diagram. 










QRECTIONAL 
COURLER 












ged 
SINGER MFS 
Fig. 15 

Po =z 4 watts PEP a = 3 watts PEP Po m 2 watts PEP 
f (MHz) d, (—dB) de (=dB) d, (~dB) d., (-dB) d., (-—dB) de (-dB) 
1.6 4A 55 53 > 60 56 > 60 
3.5 44 53 53 > 60 57 > 60 
7 42 53 48 > 60 53 > 60 
14 38 55 45 >40 49 >60 
28 37 55 42 > 60 AT > 60 
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Harmonic suppression 


Fig. 17 shows the spectrum of the in-band harmonic content for a two-tone 


Simnal p, q. 


Fige 17 





Measurements have been done with single tone signals (p) of 1.6, 3.5, 7, 


14 and 23 MHz, being already available in the two-tone equipment. 


The block diagram of the measuring set-up is depicted in Fig. 18. 






S02 Coaxia/ 
termi natic 








Fig. 18 
Sp ectrum 
An a/yser 
Po = 3 watts 
fo: 1.6 MHz 3.5 Miz MHz 14 MHz 28 MHz 
ond harmonic (2p): ~44daB -33dB ~33dB ~27dB -20dB 
370 harmonic (3p): -48aB ~43aB —37dB ~31dB =—33dB 
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| 5 Amplifier 2 


The calculation of this amplifier is in main lines similar to the foregoing. 
So it shall be given briefly. 

Because the output impedance of the applied BLX13 has a lower value a 
wide-band toroid transformer has been applied. 

The target for this amplifier was to reach maximum possible output power 

at a supply voltage of 28 Volts and a heatsink temperature of 70°C maximum. 
As the voltage drop across the emitter resistor is appr. 2 Volts we chose 
Vos 26 Volts. At this voltage and Ths * 70°C a D.C. dissipation of 

28 watts is allowed in the transistor. 

Sol, = 28/26 = 1.075 A and the maximum transistor output power is 50% of 
28 watts or 14 watts. The maximum output power of the circuit is appr. 20% 
less due to the loss in the feedback resistors, so it becomes 11 to 12 
watts at an I.M.D. of -30dB, which corresponds with 8 to 9 watts at —40dB 
I.M.D. 


CO. 28.4 pF; this value has been obtained in the same way as in section 
3.2. Fige 19 shows the simplified equivalent circuit with Voq and I, in 
phase. 


(8) Ley. j 130 (C) 


Fig. 19 





V, = keT/q = 25 nV. 
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: fn = 500 MHz typ. 
f. = 28 MHz 
lope ™ Joe f,/fp = 1.075 x 28/500 = 60.2 mA 
hap = 40; IDs I /hag = 1.075/40 = 26.9 mA 
*R = I, + I, = 1075 + 26.9 = 1102 mA 
~jX,,, at 23 MHz = -j 200 Ohms. 
loc Vone/ 73 Kop = 262025/-j200 = j 130 mA 
Fige 20 shows the extended circuit with feedback elements. 
I R=50 lg= 81.65 Rr 
= 3 = 
95.1 +) 95.4 
Y, 
Fig. 20 


The input transformer is a 4:1 transmission line type. For details see 
amplifier 1. 

The source resistance is 50 Ohms, s0 the midtap impedance is 50/4 =z 12.5 Ohms. 
I, = 26.9 + 3190.2 mA = and Ty = 13.45 + § 95.1 mA 

I, = 95-1 + 3 95.1 mA 

The remainder of the real part flows into the Re chain: I, = 81.65 mA. 


7 3 
V, = ReIy, = 50x 95.1/10" = 4.755 Volts 


= = 73 7 0759" /2. = 2! 
i ere™ “Vy /20R 46755" /2.50 0.226 Watt 
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V3 0" av, = 4.755/2 = 2.377 Volts. 
YRe at Vy - Vow =e 2.377 —< 0.025 bad 26352 Volts 


Re @ Vpo/Ing = 20352/1-102 = 2.13 Ohms 
Internal r,” 0.22 Ohm so external Ry has to be 1.391 Ohm. 


The collector peak voltage is Ve =~ Vee = 26 ~ 2.352 = 23.65 Volts. 


I. = I, - 1, = 1.075 — 81.65 = 993 mA. 


y) 


R, = V/15 = 23.65/0.333 = 23.75 Ohms 


Poo Vo01,/2 = 23.65 x 0.993/2 = 11.75 Watts. 


The total output capacitance, calculated in the same way as in section 3.5, 


is 45.4 pF correspondine with a reactance of -j125 Ohms at 28 MHz. 


Because the output circuit consists of the parallel connection of 23.75 Ohms 


and 45.4 pF it is advisable to match via a compensated transformer. 


The output transformer 


In order to prevent difficulties with the set-up of a Wide-band transmission 
2 . ~ 

Mseo/ Morin) * 50/23675 * 2 

a conventional type with separate windings has been chosen. 


line type transformer with a ratio T = { 


In practical realisation the transformer consists of a 4C6 ferroxcube torcid 
: prin * 12 turns and Noag «x 17 turns 
iees (17/12)? = 2. 


To prevent an unacceptable spreading inductance each winding has been 
distributed over the whole core length, consequently the primary has been 


wound in between the secondary (Fig. 21). 


_-, Imm¢ 





ACG ferroxcube toroid 
23 X/4XZ nm . 


. PRIM. (12 turns) 
SEC. (7 turns) 
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“With the aid of a vector impedance meter (HP-4815A) it can be seen that the 
behaviour deviates in the upper frequency range. Measurements were made 


with an ohmic primary termination of 25 Ohms. 


f (MHz Z (Ohms ) Phase (deprees 
126 50.5 12 
365 51.0 11 ; 
TO 52.5 14 25 } 1G w—2 
14.0 56.5 24 y 
28.0 70.5 40 


Spreading inductance at 1.6 MHz measured secondary is 232 nH. 


5-2 High frequency compensation 


So GD CS ED Ce aa SD oe ec ee ee OP ED ee ee 


Fiz. 22 shows the compensation system seen from the secondary. Ro is the 
transformed output resistance of the transistor and L the transformed 
spreading inductance seen from the secondary. According to Nielinger 5 
two capacitors C, = Co will 
be added to form a low-pass 


X, 


section by which the max. VSWR 
is reduced. 

C, is transformed from the 
primary and consists partly 


of the transistor output 





Fige 22 capacitance. 
Xe omax 7 fmaxt Fo 4265 Ohms 
f = 28 MHz 
max 
} Pe c = ax ot ws ; 
ky eer: 42.5/50 0.85 —» VSWR max 1.06 
From the curve in § it follows that: 
R/X, min 7 02919 Xs omin ” 50/0.515 = 37 Chms 
Xomin 7 1/210 2s eC 


Ce -1/6.28 x25 x 10° x97 = 58.5 pF 
Really the latter is secondary capacitance, whilst the primary becomes 


Te C = ] x 58.5 = 117 pF. 
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The compensated transformer (i’ig. 22) has been measured with the vector 
impedance meter. First the parasitic properties of the mount have been. 
determined. The results have been put in a small digital computer, which 


output shows the performance versus frequency given in R, 3 X,, and VoOWR. 


f (MHz Re (Ohms ) 2 (Ohms ) VSWR 
1.6 49.91 7-78 1.17 
3.5 50.39 2.22 1.05 
7.0 50.42 0.01 1.01 

14.0 49.92 -0.88 1.02 

28.0 50.86 1.65 1.04 


The compensated unit couples the transistor with the 50 Ohms load impedance. 
Althouch the primary capacitor of 120 pF has to be decreased with the 
already present capacitance it appeared to be superfluous to do this with 
respect to linearity and gain; ven the I.N.D. at lower levels became 
Slightly better. 


Seco The collector choke 


Constructively the choke is equal to the one described in Dees 

Only the number of turns differs. (24 turns; 0.35 mm Culm wire). 

The inductance at 1.6 MHz is Ty a (3105 Ohms), whilst an Inc up to 3A 
showed no problems. 

The parallel damping at 1.6 MHz Ry = 2.3 kOhms. 


Dede -loWstmequoney compensation 


Fig. 23 shows the essential elements for a high-pass section at 1.6 MHz. 
Cy Co 


|| 


«<—.———_ | 


: u 
W i | 
= R= 
, cea Mey MN, ee Xe, | 2.25.0. 
H Nl R225 | 
L 10,4KH 14.6 atl oun | MheuH 
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The primary inductance of the transformer gt f = 1.6 MHz (Z = 25./ Ohms; 
P= 10°) is equal to 14-6 Ak (5147 Ohms). | 
Because the filter section is asymmetrical, it has been split up, so: 

C = Cy -Co/(C, + C.). 

According to 5 


R/X min ~ Koy ‘ia 


Ra a6 = 105 Ohms 

min 

R/X, , ee 25/105 = 0.238 —» VSWR = 1.07 
Koy max (00238 & 25 = 5095. 


C, = If 2rft... key max 1/6.28 x 1.6 x 10° x 5.95 = 16.7 nF 


n 


and: 
R/X min Xoo nag 
Kio = 147 Ohms | 
R/X, » ae 25/147 = 0.17 ~ > VSWR = 1.025 
Mas ace = 0.17 x 25 = 4.25 Ohms ; 
CR 21a ee a 1/O0eS e156 NO eA 25. ee. 293: ne 
Om: (4627 -m 2323)/ 1567 422363) 9275 mE 10 nF has been chosen. 


Feedback R, and L 


Svcg eo ease see fob eo et ee 


Rp = Vac/ly = (23.65 + 4.755)/ 81.65 x 107? = 343 Ohms. 


In practice a parallel connection of 3 times 1.2 kOhms and one 2.7 kOhms 


resistors has been chosen, 


According to reasons argued under 3.6 the value of Rp = 165 / ; 


A microchoke of this value has been applied. 


D.C. equivalent circuit 


Fig. 24 shows the d.c. equivalent circuit. 
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The 15 Ohms pot. meter has to be adjusted to I, = 1.29 A for a supply 


ii 
voltage of 28 Volts. As the parts list shows the feedback resistors 


have been composed of several ones connected in parallel. 


Measured results (amplifier 2) 





Conditions: see 4. 


Input VSWR and power gain 


== ow 


Set-up; Fig. 13 


SS hk Veonwand (mv) Ver] e ( mv) phase (decr-) 22 gain (d8) 
1:46 104 4.3 98 - 1.086 16.65 
2.0 103 4.1 88 1.083 16.73 
355 103 307 67 1,075 16.73 
5 103 3.6 60 1.072 (16.73 
7 103 325 58 1.070 16.73 

10 103 3.7 62 1.075 16.73 

14 103 4.8 1 . 1,038 16.73 

20 103 925 80 1.203 16.73 

28 100 20.3 62 1.509 16.99 


These measurements have been carried out for Po =z 1 watt. 


The results are plotted in Fig. 25. 
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Intermodulation distortion 
Sset—up: Fig. ee 
Po 10 watts PEP P, = 8 watts PEP P= 6 watts PHP 


f (MHz) d, (-dB) a, (-dB) d., (-dB) de (-dB) d, (~dB) ieee 
15 40 50 AT > 60 51 260 
3.5 | 3) 47 AT 58 a3 >60 
7 39 AT 45 58 48 769 

14 37 31 41 62 42 ~6O 
28 33 53 42 58 47 ~60 


The results are plotted in Fig. 26. 


Harmonic suppression 


ee oe ew ee ee a em SP ere ow ee oe we oe ee ww a = 


Set-up: see Fig. 18 


P_ m» 6 watts 


fe) 

fs 1.6 MHz 3.5 MHz = 7 MHz 14 MHz 28 Miz 
pre harmonic (2p) ~38daB -38dB -31dB " =284B —239daB 
ye harmonic (3p) -46daB -43daB -—40dB —35dB ~59aB 


Mechanical lay-out 
Figs. 27 and 28 respectively show the drawings of the p.c.—-board for 


amplifier 1 and 2 with the situation of the components. 

The lower sheet of the double clad p.c. board functions as a ground plane. 
Interconnections of some upper parts with the ground were made with 2 mm 
tubular rivets. These rivets were soldered to the print conductors to be 


sure of contact. 


Because the amplifiers contain emitter resistors a part of the pround plane> 


has been intulated. 


During measurements the p.c. board is placed on a water-cooled heatsink. 
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R, = 50 }—e -R26= 
S Ry = 500 
AMPLIFIER 1 
#Vg= 28V. 
he Rs 
Fig. 29 
Components: 
R, = parallel connection of: 
1 x 18 Ohms, carbon 45% CR25 style 2322 101 33189 
and 1x 56 Ohms, carbon +5,5 CR25 style 2322 101 33569 
R « parallel connection of: 
2 x 820 Ohms, carbon +5% CR52 style 2322 101 63821 
R, = parallel connection of: 
1 x 820 Ohms, carbon +5% CR52 style 2322 101 63821 
1 x .8kOhms, carbon +5% CR52 style 2322 101 63182 
Ry = parallel connection of: 
2 x 4.7 Ohms, carbon +53 CR25 style 2322 101 33478 
Re = parallel connection of: 
2x 18 Ohms, carbon +5% CR68 style 2322 214 13189 
C, = 22nF polyester +10j 2222 342 45223 
C, = 56 nF polyester +10% 2222 342 45563 
C, = 100 nF polyester +107 2222 342 45104 
Cy 10 nF polyester +10/ 2222 342 45103 
Ly = 14 mm ferroxcube 431 twinbead, 4312 020 31520 
with 3 turns of 2 x 0.45 mm twisted Cum wire (see Fig. 6). 
Ln = microchoke 165 al 2422 535 00158 
L, = ferroxcube bead 4B1, 4312 020 31550 


with 33 turns of 0.25 mm Culm wire, close wound. 
L = 16.9 aH, R(DC) *0.48 Ohms, Ry >11.5 kOhms. 


Ly = 45 nH, 6 turns closely wound, Dent” 6 mm, d= 1 mm Culm wire, 
leads 2 x 5 mm. 


D = BA145. 
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Copper clad removed 





Fige 27 scale 1:1 
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Rs 129A. 
Fige 30 
Components: 
R, = 15 Ohms carbon +5% CR68 style 2322 214 13159 
Ry = 15 Ohms wire-wound trimming pot.meter, 2 watts 2322 011 02153 
R, = 180 Ohms enamelled wire-wound, +10), 5.5 Watts 2322 320 31181 
Ra = parallel connection of: 
3x 1.2 kOhms carbon +5% CR37 style 2322 212 13122 
and 1x 2.7 kOhms carbon +5% CR37 style 2322 212 13272 
Re = parallel connection of: 
7 x 15 Ohms carbon +57 CR37 style 2322 212 13159 
C, = 22nF polyester +10% 2222 342 45223 
C, = 56 nF polyester +10) 2222 342 45563 
C, = 10 nF polyester +10, "2222 342 45103 
Cy = 120 pF ceramic 2222 555 56121 
C5 = 100 nF polyester +10. 2222 342 45104 
Ce = 56 pF ceramic 2222 555 56569 
L, = 14 mm ferroxcube 4B1 twinbead, 4312 020 31520 
with 3 turns of 2 x 0.45 mm twisted Cun wire (see Fig. 6) 
= 6820 nH, 15 turns, Dent * 6 mm, d = 0.7 mm Cubn wire, close wound. 
=» ferroxcube bead 4B1 4312 020 31550 
with 25 turns of 0.35 mm Culm wire, close wound. 
L «= 10 R(DC) <0.24 Ohms, Ry > 2.5 kOhms. 
Ly = AC6 ferroxcube toroid 23 x 14 x 7 mm 


ECO 7113 


prime: 12 turns 1 mm Cum wire 4322 020 91070 
sec. : 17 turns 1 mm Cu™ wire (24 mH typ.) (see Fig. 20). 
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SUMMARY 


This driver stage, which is equipped with 2 pieces BLX13 in 
push-pull, is intended to drive the 1 kW S.S.B. tube type 
YL1230. Both transistors operate in class-—A from a supply 
voltage c* 28 V. The circ ait contains cross—neutralisation 
and is wideband (1.6 ~ 28 NHs). 

The required drive power for the transistors is 142 aW P.£5.P. 


+ 0.7dB and the input V.S.W.R. is below 1.6. The input voltage 


for the tube has an I.M.D. < -45dB, 

The driver can also be used separately (on a 50 ohm basis) and 
then it is able to deliver 14 WP.5.P. at an ILMD < ~41dB. 
In that case the gain is 18.7 + 0.15dB and the input V.S.W.R. 
is below 1.5. 
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TITLE ; Wideband (1.6 - 28 MHz) driver st for the SSB tube YL1230 


equipped with two BLX13's in class A. 
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Pig. 4. 

The behaviour of the power gain and input 
VSWR versus frequency. 

Power gain = 18.69 + 0.134B 

VSWR < 1.43 

Harmonics suppression: 

and > 26aB, 3rd > 144B at 14 Watts P. 


5; 

The I.M.D. characterised by the a3, of the 
tube driver (Figs. 1 and 2). 

The de, is better than —60dB. 


6. 
The behaviour of the relative voltage gain 
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Introduction 


This report contains the description and measured results of a single stage 
push-pull broad-band power amplifier, operating in class A. 


The requireaent was to construct a linear amplifier able to drive the tube 
YL1230 up to 1 kW PEP output over the h.f. band 1.6 — 28 MHs. 


Under full operating conditions the total I.M.D. products of 374, 5th and 7th 
order have to be at least 36dB down, what implies an IMD of appr. 40dB 
down for the mentioned amplifier. 


To adapt the tube input capacitance (grid driven) a simple low-pass filter 
is needed. 


As an alternative, it is pessible te apply the amplifier without filter, on 
50 Ohms output, as a driver for a 300 Watts PEP amplifier. 


The power gain is appr. 19daB. 


Design considerations 


It is obvious to start with the 50 Ohms design, after which the filter wit 
shall be added to complete the tube driver. 


The recently published CAB-report ICO 7114 4] argues the advantages of 
applying the push-pull] ocenfiguratien with cross neutrodynisation. This method 
has been chosen. 


The tube driver has to supply 46 Volts peak over 101 pF. It can be caloulated 
that this corresponds with fr «2 10-12 Watts PEP to the characteristic 
impedance of the filter. | 


Based on the results with an amplifier described in CAB-report BCO 1132 


a pair of BLX13 in class A can do the job. (BLX13 in class A: P, = 8 Watts PE 
IMD better than 40dB. ) 
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As remarked the tube represents a capacitance of 101 pF. A favourable 
adaption ever a wide-frequency range can be realised with an L-P filter. 
The component values have been obtained with the aid of a computer program. 


Circuit description 


Basic circuit 


Fig. 1 shows the basic circuit. 


Rix SOX 
Fig. 1 





The minimum required D.C. input power to the transistors can be derived 

from the facts that: 

a. A Single transistor is able to deliver 8 Watts P.E.P. at —40dB I.M.D. 
and at 28 Watts D.C. input power. 

b. the power required to drive the tube is appr. 12 Watts P.E.P. also at 
-40dB I.M.D. | 

Therefore the D.C. input power to the transistors must be at least: 

12/8 x 28 = 42 Watts. 


The amplifier 


Fig. 2 shows the simplified H.F. circuit (one side) in which V 
in phase. 


CE and I, are 
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Pig. 2 





To make an output transformer superfluous the ratio Vo/i. must be 
appr. 50 Ohms. However the transformer is needed to realise an asymmetrical 
output from the push-pull set—up. 


As Fig. 2 shows an emitter resistor Re has been applied. The voltage drop 
is appr. 2 Volts so Vie = 26 Volts has been chosen for Ve = 28 Volts. For 
ee «= 70°C a D.C. dissipation of 28 Watts per transistor is allowed. 
I, = 28/26 = 1.075 A and the max, P, is 50% of 28 Watts or 14 Watts 
per transistor. 


This operating point related to the f. curve is acceptable. 


4 


Because the max. Be is at least 20% less due to losses in feedback resistors 
an output of 22 Watcs (from 2 transistors) for IMD = -30dB or appr. 15 Watts 
for ~40dB can be expected. 


Tope can be calculated from the relation f/f, = 1/lone: 
With f,, typ. = 450 MHz and f= 28 MHz Io, = I,.f,/fq= 1-075x28/450 = 66.9 


Calculating with h,, = 50, Ip, becomes 1.075/50 = 21.5 mA. 
Ipp, and 1, add in R, (Fig. 3) 


Hence: Ip, = 1075 + 21.5 = appr. 1096 mA 


Because V,. = k.T/q * 25 mV at 25°C: 
Vc = 26.025 Volts. 
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be Bt Vor = 26 Volts is appr. 28 pF. 


Due to A.C. voltage excitation C, will rise by 10% to appr. 31 pF. 


The typical value of C 


To prevent oscillation by overneutrodynisation C. = 27 pF has been chosen. 
It can be demonstrated that Cc. may be subtracted from the present C 
Cre = 31 —- 27 = 4 pF, what is equal to -—j1.43 kOhms at 28 MHz. 

All values have been calculated at the upper frequency 80 


I, = 26.025/=3 1.43 x 10° = j 18.2 ma. 
be ? 


The transistor (one side) can now be inserted in the total feedback chain, 
whilst by means of T, the input is adapted to 50 Ohms. Fig. 4 shows the 


extended circuit. 


Pig. 4 





For I, it holds that: 
be 


>I +I = & 63.6 mA 
ae ' “be Coe Tie 


To avoid a compensation inductance in series with Ric it is even desirable 
to choose Rh 1.5 to 2 times the above mentioned value. 

On the other hand this current must not be chosen too high because it 
reduces the available output current. A good compromise is therefore 10% 
of I, or 107.5 mA. | 

The feedback resistor R. = (Vast We /TRe = (26.025) /107.5 x 10° 
and R, = Re (QR I.) = 2/ (21.5 + 1075) = 1.82 Ohm. 


3. 242 Ohms 
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Because of the interna] r= 0.2 Ohm the external R, has to be ~1.62 Ohm. 


The source current I. = a # 107.5 + 21.5 = 129 mA. 
o7 tpt TR 


Hence: R= (V2 + YR pts = (2.025)/129 x 107? » 15.7 Ohana, 
e 
Pp, = I, (y+ ¥, )/2 = 129 x 107 x 2.025/2 = 130:5 mWatts 
eff e be 


With reference to Fig. 4 it can be seen that the output peak voltage is: 
vee -Vp = 26 = 2 = 24 Volts and 


7 = ° 1075 - 107.5 = 96765 mA. 


R, = (Wo - Vp ty = 24/ 0.9675 = 24.8 Ohms 


P = (Vo. /2 = 24/2 x 0.9675 = 11.6 Watts. 
ere Ry 


The power gain A = 10 log (P /P. ) = 10 log (11.6/0.1305) = 19.5dB 
A i 
eff ‘eff 


The input transformer 


a 


Wide—band transformers for the h.f. band can be executed as conventional 
and as transmission line type. 

Extensive information on both types one will find in CAB reports NCO 6814 2 
ECO 6907 U , BO 7113 E and ECO 7114 


In order to prevent difficulties with the set-up of a wide-band transmission 
line type with the ratio f= (2 in! gec) 
with separate windings has been applied. 


)* = 1.59 a conventional type 

The reactance of the shunting inductance at the lowest frequency 1.6 MHz 

has been chosen to be at least 4 times the primary (source) resistance of 
50 Ohms, what roughly corresponds with an input VSWR of 1 +R 0K, = 1.25, 


a value being improved by compensation later on. 


So the inductance is A hae or +j200 Ohms at 1.6 MHz. 
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The transformer is wound on a ferrite toroid of 4C6 material. 


Rarlier investigations showed that this is a good material for this frequency 
range. These toroids are delivered in standard dimensions and it must 
first be investigated which size is needed. 


This can be done with the aid of the formulae: 
L = [°o* r° n®, A/ and B ax = Voges Ane 


In these equations A is the average ferrite cross section in m* and 1 
the average length of the lines of force in m. 
Both A and 1 are unknown. 


Pinding the number of turns n from the first equation and introducing it 
in the second one gives after rearranging 


Al = (Vi /w. Baar) * Mot My/L 


in which: /*o * 4.1107! 

Py = 120 + 20% (4C6) . 

L = 20 

Ge 27 x1.6x 10° rad/sec. 
Nay can be calculated from the power that has to be transferred. 
As calculated before the input power in the push-pull configuration amounts 
to appr. 2 x 130.5 = 261 mwWatts. 
Taking into account eventualities (VSWR, lower gain, etc.) it has been 
increased to P, = 500 mWatts. 


In that case: aa = (2. Pie Re »2x0.5x 508 = 7.07 Volts. 
Bax depends on the parallel loss resistance that is acceptable what can 


be calculated from Figs. 6 and 7. 


Fig. 6 Shows 2, R,/t versus B_..-f for 1.6 MHz and Fig. 7 hy R,/L versus 
frequency f for ee — 0. 
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o Bmax -f (7. Ha) 


If a power loss of 1% is acceptable then Ry = 100 x 50 = 5 kOhms. 
Hence R/L = 120 x 5x 107/20 x 10° is 25 x 10'9 5 ec. As at high 
frequencies Ry depends hardly on B. ax’ We may conclude from Figs. 6 and 7, 


that above sai culated value can a occur at 1.6 MHz. 


The value of B__.f corresponding with above mentioned ‘R/L amounts to 
due of Bas > 
2x 10° T.Hz according to Fig. 6, so the resulting value for 


Bie 2x 104/1.6 x 10° = 1.25 x 107° T at 1.6 Mie. 


m 
The required product A.1 can now be determined: 


Aol = (7.07/2m x 146x10°x1..252107°)* x4 2107 'x120/20107Om 0.0241. 107° g 


In the table below the A.1 products of some available toroids have been given, 
calculated according to: 


Aol «= { (D - a) /2} ro + a)/2} 


Catalog number Dimension (mm) A (m* ) 1(m) A.l _(m*) 
Dxdxh 
—6 -2 ~6 
4322 020 31000 6x4x2 2x10 1.55 x 10 0.0310 x 10 
4322 020 91010 93x6x3 4.51 x 107° 2.33 x 107° 0.1050 x 107° 
4322 020 91020 4x9x5 12.54 x 107° 3.55 x 107° 0.445 x 107° 


4322 020 31070 23x14 x7 31.4 x 107° 5.70 x 107° 1.790 x 107° 
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As the table shows the smallest toroid that meets our needs is a type with 
the dimensions 6 x 4 x 2 m. 
The number of turns for an inductance of a as is calculated with the aid 


of the rearranged equation: 
n= (L.1/ Po peed)? © (20x107°x1.55x1072 /4nr x107 "x 120x2x107)® = 32.1 


Together with the secondary (2 x 13 turns in this case) this results in 
58 turns on a toroid of rather small dimensions. 


A more practical size is the 14 x 9 x 5 mm toroid. 


In that case the number of turns becomes: 


noi= (20x 107° x 3.55 x 107° /4r x 107) x 120 x 12.5 x 1076)# = 19.4 


rounded to 20 turns —® IL = ape 


The number of secundary turns depencs on the impedance step to be made: 


Boeo * Morin (R,/,) 20 (50/3164) 72 = 16.4; because of mid-tap supply 
a 2x 8 turns secundary has been chosen. 


The maximum wire diameter d* can be obtained from: | 


a' = Ta/(n,, +1) = Wx 9/(36 + 3.14) = 0.717; 


tot 
a thickness of 0,6 mm Cui» wire has been chosen. 


Due to the higher A.]1 product of the coil the De has been changed to: 


6 —6 3 


Bax * Vmax/W Ae = 7207/27 x1.6x10° x 12.54x10 x20 = 2.81 x 10° T 


max 


The corresponding value for ps R,/L at 1.6 MHz is 1.3 x 10"! 


(Bay fw 45x 10°). The value of Ry is 


R= Lx1.3 x 10'\/m, = 2t x 10% x 1.3 x 10! /120 = 22.8 kOhms, 


So the core loss at 1.6 MHz ie R,/R, = 50/22.8 x 10° = 2.2 °/oo 
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3.3 The output transformer (50 Ohms design) 


The output transformer has the same lay—out as the input transformer and the 
Calculation of it is more or less similar to that of the input type. 


The volume of the ferrite core of 4C6 material is calculated again by 


2 
A.l s= (V ax/” Beas) “Ags A, /L in which Pot Pr? L, | and BL, are 
equal to those for the input transformer, . 


Naw can be calculated from the max. output power and the impedance R of 
50 Ohms, 
If this case it has been assumed that the maximum power can a to 

+ | 
25 Watts, what is equal to Vo = (2. Poe R) = (2 x 25 x 50)" = 50 Volts 
over 50 Ohms. 


Ael = (50/2 7 x1.6x10°x1.25x107*)? x 4m x107'x120/20x107° e 1.14x107° n? 


The table in chapter 3.2 shows that it is obvious to take the 23 x 14 x 7 mm 
6 3 
Mm. 


toroid core, having an A.l product of 1.79 x 10° 


The number of turns for a aD eet secundary follows from: 


ns (Le1/ pigs ft-A)® = (20 x 107° x 5.82 x 107°/ 


an1o7! x 120 x 31.4 x 107)® = 15.65 
rounded to 16 turns — » L = 21 Al 
Primary, the impedance is 2 x 24.8 = 49.6 Ohms, what determines the number 


prim = Mee (R,/n,)* = 16 (50/49.6)® = 15.95; 


because of mid—tap supply 2 x 8 turns should be chosen. However experiences 


of turns to: 


later on showed better performance for 2 x 7 turns primary. So further 
calculations and measurements shall be made with that ratio. 

The max. wire diameter da" is:3.14x 14/(30 + 3.14) = 1.31 mm, a thickness 
of 1.0 mm G, Ba wire has been taken. 


349 


364 


324.1 


2s 


ECO 7201 
-R10~ 


In the first instance Bax Das been assumed to be a constant, however Ro 
Can vary by increasing the core size. 


Bax 7 "max/WeAn = 50/2 xT x1.6x10 


6 6 


x16 = 9.88 x 10. 


The corresponding value for /* R,/L at 1.6 MHz is 3.5 x 10'° 


. 4 
(Box! s&s 1.58 x 10 ie 


x31.4x10- 


Ry Lx3.5210'°/ w_» 20210°x3.5x10'°/120 = 5.83 kOhma, what means 


a core loss at 1.6 MHz of R,/R, = 50/5.83 x 10? = 0. 86%. 


Compensation — 


Spreading inductance, uncompensated transfer 


To prevent an unacceptable spreading in both designs the primary and 
secondary windings have been distributed over the whole circumference, 
Consequently the primary has been wound in between the secondary. In ‘hat 
case it is advisable to put each corresponding primary and secondary 
winding close together. 


With the aid of a Vector Imp. meter (HP 4815A) the behaviour of the 
uncompensated input— and output traneformers has been measured. 

As the tables show there is a deviation in the highest octave. 
Measurements were resp. made with an ohmic termination of: 31.4 Ohms 
secondary for the input trafo (Fig. 8a) and 38.3 Ohms primary for the 
output transformer (Fig. 8b). 


| 
lI 
dot 9 II 31.48. 38.3.2 6tC a—- ZF 
a (33// 6802) (56//120) 
| 
- Pig. 8a Input trafo Fig. 8b Output trafo 


350 


3 


T. 


3.5 


WO 7201 











-R11- 
Input trafo Output trafo 
f (MHz) Z (Ohms VSWR Z (Ohms VSWR 
1.6 47.3 1.26 46.8 1.32 
3.5 48.2 1.19 49.0 1.21 
7.0 49.3. 1.22 49.1 1.24 
14 49.7 1.40 50.3 1.43 
20 51.2 1.58 50.7 1.61 
28 53.6 1.89 53.0 1.93 
The spreading inductance is: 
f (MHz) Xx, (Ohms) L (nH) X,, (Ohms ) L (nH 
1.6 1.96 195 2.04 203 
28 30.78 | 175 33.89 193 


HF. compcnsat on of the input transformer 


Fig. 9 shows the applied system seen from the primary. 
cs 


Re 602 fl ; Ro - Fig. 9 


Ry is the transformed output resistance and L the spreading inductance seen 
from the primary. 

According to Nielinger 5 two Capacitors C, e C5 will be added to form an 
L.P. section by which the max. VSWR is reduced. 

C. is transformed from the secondary and consists partly of the transistor 
input capacitances, 


x max = 2Tl e f nax’ L = 30.78 Ohms 
= 28 MHz 
XL max/R = 30-78/50 = 0.616 “. VSWR max = 1,016 


From the curve in 5 it follows thats 


R/X, = 0.33 X, = 50/033 = 152 Ohms. 
min min 
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X, = 1/2. fi. C 
min 6 
Cc ws 1/ 2m4%x 28x10 x 152 = 37.3 pF 
In fact the latter is the primary capacitance, whilst the secondary becomes; 


™.C = 1.59 x 37-3 = 59.4 pr. 


The primary capacitance has been chosen 2 x 18 = 36 pF, whilst the secondary 
one has been determined experimentally because of the input capacitance 

of the transistors. A value of 10 pF for this capacitance gives the smallest 
gain variation and the lowest input VSWR through the band. 


Fig. 10 shows the essential elements for a simple high-pass section at 
1.6 MHz. 


-k2) Lp 
San . | at = k= S502 7 
got < || —r» k2lp ro l a 
. ee 
Pig. 10a Pig. 10b Fig. 100 


Primary inductance at f = 1.6 MHs is 21 mH (j 211 Ohme). 
According to 5 $ 


R/ = xX Pm 
te max 
x = 211 Ohms 


min 
R/X, =» 50/211 = 0.237 .. VSWR = 1.06 
min 


X, = 0.237 x 50 = 11.85 
max 


C = if 2t.t 


min’*c = 1/ o%x1.6x10°«11.85 = 8.4 nF; 8.2 nF has been chosen. 
max 
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The compensated transformer (Fig. 11) has been checked with a vector 
impedance meter. First the parasitic properties of the mount have been 
determined. The results have been put in a small digital computer, which 
output shows the performance versus f given in Ro» X, and VSWR. 

This method will be applied in subsequent measurements. 


502 8.2nF 
li 
wt QS 8 : 
LI = 37.42 
Ve 36 pF 11S ge s 
r 6, Pig. 11 
f (MHs) Re (Ohms ) x, (Ohms ) VSWR 
1.6 48.0 0.68 1.04 
325 49.2 0.51 1.02 
7.0 49.9 0.18 1.00 
14 50.9 0.91 1.03 
20 52.5 ~0.44 1.05 
28 55.9 1.34 1.12 


H.F. compensation of the output transformer 


LD ED ERED SETS A AEE SED OD SD oD 


The calculation is in main lines similar to the foregoing, so it shall be 
given briefly. 


38.3 —» 50 Ohms design 


ae a 221% ae = 33.9 Ohms 


en = 28 KHz 


Mia = 33.9/50 = 0.678 <. VSWR. = 1.025 


From the curve in it follows that: 
R/X, = 0.37 X = 50/0.37 = 145 


min Omin 
x = 1/277 got me 
“min | nex p 
Cc = 1/27 x 28x10 x 145 = 39 pF (across the secondary) 
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Because T «= 1.31 (2 x 7 —>16 turns), the capacitance across the 
primary mist be 51 pF, because of the transistor output and neutralizing 
Capacitances a value of 22 pF has been chosen. 


309 LF. compensation of the output transformer 


Because L «@ 21 , the calculation is similar to that of the input transformer, 
so the coupling capacitor is 8.2 nF. 


3.10 The compensated output transformer 


The complete transformer design (Fig. 12) has been checked with the vector 
impedance meter. The most near—by standard capacitor value has been taken. 


-- : 





47P 9t QU Gwe | B2nF 
38.3.Q o—< || 
7 i a 
Fig. 12 

f (MHz) R (Ohms ) x, (Ohms ) VSWR 

1.6 48.5 0.69 1.03 
260 50.0 0.53 1.01 
160 50.4 0.19 1.01 
14 51.9 0.96 1,04 
20 52.9 0.97 1.06 
28 56.3 2.37 1.13 


3.11 D.C. equivalent circuit 
Fig. 13 shows the circuit. 
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242.2 (4.2W) 


11482 
+28V Fig. 13 


2364 





2422 (4.2 w) 


The 47 Ohms pot. meter has to be adjusted to In = 2.58 A for a supply 
voltage of 28 Volts. as the parts list shows, the feedback resistors have 
been composed of several ones in parallel. Particularly the emitter resistors 


need to have small series—inductances. 


4. Measured results 


Measurements have been carried out under the following conditions unless 
stated otherwise: 

V, = 28 Volts 

Re Ro = 50 Ohms 


Ambient and stud temperature Ty, = Ty, = 25°C. 


4.1 Intermodulation distortion 


The I.M.D. versus output power is measured with a two tone signal (p, q) 
at the spot frequencies 1.6, 3.5, 7.0, 14, 20 and 28 MHz. 

This signal is made as follows: The output signals of two X-tal 
oscillators with a difference of 1 kHz, switchable in pairs at above 
frequencies, have been separately amplified in two linear wide-band 
amplifiers. These amplified signals have been combined in a hybrid and 
via switchable low-pass filters supplied to the amplifier under test. 
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The oscillator kit also contains X-tal oscillators presenting the local 


oscillator signals to the spectrum analyzer SINGER MP5. Fig. 14 shows the 
block diagram. 


Py spyek 


: att, oo ate. : 
8 F2er Switch ~5d8 . her -~5aB OO 





Oirectiona/ 
covpler 
4.P y3yA 
P; + 500K: Calor. 
ere Watt reftr. | 
AN2. 
| S02 C09 
P, +500 kKHe Uh y. 
. Spectr. 
ane. 
S/NGER 


In Pig. 15 the IMD, expressed in d,, is given versus frequency. 
If the suppression of the a. product is less than -60dB the measured value 


has been given in the graph (Fig. 15). 


Except for the 
point f = 28 MHs, 
be « 14 Watts PEP 
where the d= -—58dF 
the d. is better 


5 
than ~60dB. 


Fig. 15 
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4.2 Input VSWR and power gain 


These values have been measured with the set-up of Fig. 16. 


COAX/AL TERM. 





Fig. 16 





4.3 Harmonic suppression 
The in-band harmonic content, the 224 and 3rd harmonics 2p and 3p, 
has been measured with the set-up of Fig. 18. 
Measurements have been done with single tone signals (p) of 1.6, 3.5, 7.20, 


14, 20 and 28 MHz, being available from the two-tone equipment. 
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ANZAC [D920 


Pig. 18 


Po = 14 Watts 


f: 1.6 MHz 3.5 MHz 7.0 MHz 14 MHz 20 MHz 28 MHz 
2nd harmonic (2p): -~34dB =33dB —28aB ~38aB —43dB -39dB 
3rd harmonic (3p): —14aB -144B ~21dB ~264B -29dB -30dB 


Because the results could be influenced by variation in sensitivity of the 
coupler for higher frequencies, the latter has been checked. It appeared 


that the measuring results were correct. 


Extension to tube driver 


The input of the YL1230 


As mentioned before the final stage to be driven by this amplifier is the 
air cooled RF power tetrode YL1230. The tube can supply in class 
AB (V, = 3 kV) 1050 Watts PEP output in the load for a peak driving 
voltage Vg, P = 46 Volts (<51 Volts) up to 30 MHz. 
Under these operating conditions the IMD has been given as: 
1Mizs d, <-38B; 0d, < 3848. 
30 MHs: d, < —36aB; d, < -36aB. 


3 
3 


The average input capacitance of the tube is equal to: 
C, = Cg,-k,f + Ce,e, + (a, + 1) Cag, + eyiniae 
3705 + 56 + (50). 0.1 + 3 = 101 pF 
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because: 
CE, - k,f =» 33 + 42 pF avg. 37.5 pF 
Cg,85 = 48 + 64 pF avg. 56 pF 
CViring = «3 PF 


Voltage gain A, is appr. 50x (V, = 3 kV, Vg=560 V, Ve, e A6V, Va,=2200V) 


The low-pass filter 


To drive the YL1230 to its full output power a drive of 46 Volts peak has 
to be developed across the input capacitance of 101 pF. | 


Because the tube, operating in class—AB,, does not draw grid current the 


9 
parallel damping is very small. 
A similar case has been solved about 2 years ago, when 2 pieces 2N3632 had 
to drive a YL1070 or a YL1150. For that purpose the low-pass filter 
configuration, shown in Fig. 19, was used. In this filter C 
the tube input capacitance, 

Starting from a known Chebyshev design, the inductances L were varied 
until a good compromise was reached between gain flatness and input VSWR. 


k represents 


Later a computer—program has been written for this purpose in which all 
components could be varied individually; even a mutual inductance between 
the coils was considered, The best compromise is given in general form 
(see Fig. 20). 


ree yo 


trsiont] taesvon H 
C3= 





Zo=KR 





Fig. 20 
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Z, = 9.09 x 10°*/c, 
C, = C3 = 0.386 C, 

by = Ly = 0.515% 10° '°/c, 

M -« O 

Maximum VSWR: 1.36 

Variation of Veo? +0. 3634B 

Maximum required input voltage (on C,): 0.997 Ye, 
Maximum required input current: 1.17 Ye,/%0 

Maximum required input power : 0.575 x 10° C, Yo," 


In our specific case the element values become as indicated in Fig. 20. 
The table below gives the response, the input VSWR and the required input 
voltage and current versus frequency. 


f (Miz) a (4B) vswR vi, (¥) I, (4) 








1.6 —0.006 1.049 45.89 0.5133 
2.5 0.014 1.077 45.79 0.5163 
3.5 0.027 1.108 45.50 0.5211 
5.0 —0.054 1.154 45.00 0.5307 
7.0 ~-0.099 1.212 44.14 0.5466 
10 0.174 1.285 42.65 0.5725 
14 0.252 1.344 40.92 0.5991 
20 0.194 1.345 40.25 0.5984 
24 40.043 1.326 40.35 0.5698 
28 +0.474 1.357 40.30 0.5279 


The modified transformer (38.3 —> 90 Ohms ) 


Maintaining the primary number of turns at 2x7, the secondary becomes 
21 turns for the same core size 23 x 14 x 7 ma. 
The secondary inductance has been obtained from the equation: 


L = Bie Aye My-h/I 5 218 xt x107 'x120x31.5x107°/5.82x107° « 36.1 aH 
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The spreading inductance has been measured: 
f (MHz) x (Ohms ) L_ (nH) 


1.6 3.46 344 
28 60.36 345 


The max. wire diameter for Dot = 35 turns becomes: 3.14 x 14/(35+3.14)« 1.16 mm, 


1.0 mm Culm has been applied. 


HF. compensation of the 90 Ohms output transformer 


Caloulation is similar to the one described in chapter 3.8, 
x, s ory ° fey = 60.4 


max 
fax 7 28 Mie 
x /R = 60.4/90 = 0.672 .. VSWR max = 1.025 
max 
From the curve in it follows that: 
R/X, min 7 0037 Xx, min 7 90/0-37 = 243 
ae = 1/2T £1.00 
C » 1/27 x 28x 10° x 243 = 23.3 pF (across the secondary) 


Because T «= 2,25 (2x7 —> 21 turns), the capacitance across the primary 
must be 52.5 pF. 

Because of the transistor output and neutralizing capacitances a value of 
22 pF has been chosen. 


L.F. compensation of the 90 Ohms output transformer 


Secondary inductance at f = 1.6 MHz is 36.1 mH (j 362.5 Ohms), 
According to (5] $ 


R/K, min ~ a le 


x, = 362.5 Ohms 
min : 
R/X, = 90/362.5 = 0.248 .« VSWR = 1.01 
min 
Xo max |” (00248 X90 = 22.3 
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6 
Com 1/27. fie XS max 7 1/27 x 1.6 210 x 22.3 = 4.45 nF 
A value of 5.6 nF has been chosen to reduce the load impedance of the 


transistors at low frequencies slightly, which improves the I.M.D. somewhat. 


The compensated output circuit 


Fig..21 shows the combination of the networks. 


ia S1OAH Stonl - S.64F Sion S10 4H 
are | 
= il 
233 pF 39 pF 401 pF Jon I 
39 I 
— —— > 





Fig. 21a | Fig. 21b 


The secondary capacitance 


$.6—F 
ji—e has been composed ee 
27. + 33 = 60 pF, whilst 
a ial the primary one is 22 pF 
because of already present 
output—- and neutrodyne 
capacitances of the BLX13's. 
Fig. 21ic 





To prevent parasitic oscillations in the VHF range a resistor of 33 Ohms 
has been used in series with each neutrodyne capacitor. This combination 


represents an increasing danping to the transistor versus frequency. 


The decoupling method for the supply voltage (Fig. 21c) has been applied 
because it functions like a hybrid; the same has been done at the input side. 
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6. Measured results (tube driver 


6.1  Intermodulation distortion 


ED SSE SEEDED ES SP SEW EES DP a SDS De 


In Fig. 22 the IMD, expressed in a3, is given versus frequency, 
The parameter is the output voltage across the 101 pF capacitor, replacing 
the input capacitance of the YL1230. | 


Set up: Modified circuit of Fig. 14 (see Fig. 23). 





Fig. 23 
cls (AB) 
- 
d, is better than 
~60dB 
~40 
-60 





Pig. 22 






2  — — 
re ee ee ee a 






a a a GE a 
ans Geren ies ee ee 
7 2 3 


6-2 Input _VSWR_and_power_gain 
Set-up: modified cirouit of Fig. 16. The output voltage has been measured 
in the way shown in Fig. 23. 
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The drive power 
P,. «= 142 mWatts 
+ 0.7aB 


dr 


fs | 
[ae 
aa 
| 
~~ 
| 
Pees ef 
| 
aa 
aa 
NET 
fede wed 
Pf 
—es 
a 


ALE 


ee TTT 


OdB level: 142 mW — 46V, 


Fig. 24 





6.3  Harmonio suppression 


Set up: Modified circuit of Fig. 18 (see Fig. 24a) 


‘ Spectr. 
Qner/. 


Hp 8443, 85531, 05534 





v, = 46 Volts 


f 1.6 MHs 3.5 MHz 7.0 MHz 14 MHs 20 MHs 25 MHs 


and harmonic (2p): ~46aB @494B -494B -48dB -45dB =4243 
372 harmonic (3p): ~42aB @40dB -41dB =-37dB -40dB -60dB 
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Schematic diagram and mechanical lay-out 

Figs. 25 and 26 resp, show the 50-50 Ohms amplifier and the filter unit, 
whilst the drawing of the p.c. board with situation of the components 
has been given in Figs. 27a, b, co, d. 


The lower sheet of the double clad p.c. board functions as a ground plane. 
Interconnections of some upper parts with the ground plane were made with 
2 mm tubular rivets. These rivets were soldered to the print conductors 


to be sure of contact. 


Because the amplifiers contain emitter resistors a part of the ground plane 
has been insulated. 


During measurements the board is placed on a water-cooled heatsink. 
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Components 


2 mm 
R, 2 
and 
Ryy Re = 
and 
Bey - 
Rg, Rg = 
Rio es 
Ry; = 
and 
C, 2 
C, = 
C3 ws 
Cys C., = 
Ce es 
Cas Cg = 
Cg | = 
Cao = 


82 Ohms, enamelled wire-wound 5.5 Watts 


47 Ohms wire-wound trimming pot. meter, 2 Watts 


parallel connection of: 
1x 12 Ohms, carbon +5% CR52 style 
1x 18 Ohms, carbon +5% CR52 style 


parallel connection of: 


4x 1 kOhms, carbon +5%, CR68 style 
1x 27 kOhms, carbon +5%, CR37 style 


33 Ohms, carbon +5%, CR37 style 


parallel connection of: 
6x 10 Ohms, carbon +5%, CR37 style 


12 Ohms, carbon +5%, CR37 style 


parallel connection of: 
11 x 1 kOhms, carbon +5%, CR52 style 
ix 8.2 kOhms, carbon +5%, CR52 style 


8.2 nF polyester +10% 


parallel connection of: 
2x 18 pF ceramic 
10 pF ceramic 


27 pF ceramic 
22 pF ceramic 
47 nF polyester +10% 
39 pF ceramic 


8.2 nF polyester +10% 
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2322 


2322 


2322 
2322 


2322 
2322 


2322 


2322 


2322 


2322 
2322 


2222 


2222 
2222 


2222 


2222 


2222 


2222 


2222 


320 31479 


011 02479 


101 63129 
101 63189 


214 13102 
212 13273 


212 13339 


212 13109 


212 13129 


101 63102 
101 63822 


342 45823 


555 56189 
555 56109 


555 56279 


555 56229 


342 45473 


3955 56399 


342 45823 


C4, = 
C42 * 

and 
C43 3 
Ci4 = 
Cis = 
¥ = 
L, a Ly ms 
T, = 
To = 
tT ie) 
Tr, Pe Tr, 


22 pF ceramic 


parallel connection of: 
1x 27 pF ceramic 
1x 33 pF ceramic 


5.6 nF polyester +10% 
input capacitance of YL1230 (101 pF) 
39 pF ceramic 


ferroxcube bead grade 3B 
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2222 555 56229 


2222 555 56279 
2222 555 56339 


2222 342 45563 


2222 555 56399 


4312 020 31500 


510 nH, 7/4 turns of Cum wire,close wound on D = 10 mm, 


4C6 ferroxcube toroid 14 x 9 x 5 mn 


prim.: 20 turns 0.6 mm Culm wire 


sec. : 2x 8 turns 0.6 mm CuBm wire (see Fig. 27a) 


406 ferroxcube toroid 23 x 14 x 7 mm 


prime: 2x 7 turns 1.0 om Cul wire 
sec. ; 16 tums 1.0mm Culm wire (see Fig. 27a) 


4c6 ferroxcube toroid 23 x 14 x 7 mm 


prime: 2x 7 turns 1.0 mm Cukm wire 
psec. : 21 turns 1.0mm Culm wire (see Fig. 274) 


bad BLX13. 
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SUMMARY 


In part I of this report (EC06907) the transmission line transformer 
has been discussed extensively. In this second part attention has 
been paid to the conventional transformer as a wideband matching 
element in e.g. 5.0.B. transmitters. 

The main problem in these transformers is stray-inductanceé. 


some H.F. compensation methods are discussed and a design example 


is given. 
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DESIGN OF H.F. WIDEBAND POWER TRANSFORMERS (Part II) 


Introduction 


Report ECO6907 (Ref.1) and Application Information 530 (Ref.2) have 

been devoted entirely to the design of transmission line transformers. 

This type of transformer has undoubtedly the advantage of the largest 

possible bandwidth. However it has also some drawbacks: 

a. the impedance transformation ratio is restricted to (n: m) in which 
n and m are small integers. 

b. they are difficult to construct when a number of windings must be 
combined. 

Therefore it is certainly worthwhile to consider the possibility of 


applying a conventional transformer if the abovementioned problems arise. 


L.F. limitations of conventional transformers. 

These limitations are the same as for transmission line transformers, 
viz. parallel inductance and maximum flux density. They have been 
described in the abovementioned reports including compensation methods 


for the parallel inductance. 


H.F. limitation of conventional transformers. 
The most important property that limits the H.F. performance of a 
conventional transformer is the well-known stray-inductance. The 


equivalent circuit of the transformer for this frequency region is 


shown in fig. 1. 


Ls TR 


iI 
VI 
iI 
1 
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L. is the stray-inductance and TR an ideal transformer. An easy way 

of measuring Le 1S to measure the reactance between the primary terminals 
when the secondary is short-circuited. This can be done e.g. with the 
H.P. Vector Impedance meter. The most accurate result is obtained when 


the measurement is made at the highest frequency of operation and on the 


high-ohmic winding. 


It is obvious that Le must be kept as small as possible to avoid degradation 
of the H.F. performance of the transformer. For this end the following 


measures are recommended: 


the windings must be as close to the core and to each other as possible. 


b. each winding must be divided equally around the whole periphery of 


the core. 


ce. each winding must cover the core as much as possible. 


Dome practical steps that can be taken are: 
1. the use of copper foil for the low-ohmic winding; this can be in 
direct contact with the core as the resistivity of the ferrite is 
very high. For better covering of the core two windings can be 
connected in parallel in such a way that one winding is wound in 
between the other one; the isolation material required in this case 
must be very thin. 
2. for the high-ohmic winding enamelled copper wire can be used. An appreciable 


reduction of L. can be obtained by parallel connection of two or more 


wires. 


H.F. compensation of conventional transformers 





In Ref. 3 some forms of compensation have been described. They are compared 


in the table below. 


Number of compensation elements oo a ee 
Maximum X/R 0.44 1.09 


Table I 
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The table is based on a maximum input V.S.W.R. of 1.2. The quantity 

X/R is the reactance of the stray-inductance (referred to the primary) 
divided by the nominal input resistance of the transformer. Compensation 
with one element is possible either by connecting a capacitor in parallel 
with the primary or by connect ing a capacitor in parallel with the 


secondary winding. 


Compensation with two elements is carried out by connecting capacitors 
in parallel with both primary and secondary windings. This method ) 
has already been applied several times. See reports: 5C0O7113, BCO7201 
and ECO7203. A short description will be given with reference to fig. 2. 


Ls TR 


Vf 
ee 
li 
Cl i 





nm. 


Fig. & 


TR is an ideal transformer with a voltage transformation ratio of n: 1 
Ces) and L. is the stray-inductance (referred to the primary). R, is 


the nominal input resistance: 


R, = rf Re 
First we determine the normalized stray—inductance: 
Wate. . . 
Lon = vee in whichW must be equal to or higher than 2 TW times 
R the maximum frequency to be handled. 


1 
With the aid of fig. 3 we find the maximum input V.S.W.R. (S) and the 
normalized correction capacitance (c,). Then C1 and C2 can be calculated: 


C1 = cin and C2 = rc 


Wax 
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A practical problem that can arise is that the capacitor across the 
low-ohmic winding must have such a high value that it approaches 
series resonance with its own lead inductance. In that case a 
sufficiently large number of smaller capacitors must be connected in 


parallel. 


The practical limit to which the above described compensation system 
can be used iS appr.: 


? 


If the stray-inductance is larger a more complicated compensation 

system is required. The above described system is based on a 3-element 
Chebyshev low-pass filter, but this can be extended to a 5-element network, 
which means that for the compensation 4 elements are required. This 


Situation is depicted fig. 4. 


Lt Ls 





Two inductors (L1 and L2) have been added. The normalized elements 
versus the maximum input V.5.W.R. (S) have been given in fig. 5* ‘ 
From this graph it can be seen that Lon may be as high as 1.77 for Smee 


= 1.2. A good practical limit is: a 
sn ; 


*This graph and that of fig. 3 have been made with the aid of a computer 
program which is based on the design formulae for Chebyshev low-pass 
filters as can be found e.g. in Ref. 4. 
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The procedure for calculating the compensation elements is very similar 


to the previous case. We start again with determination of the normalized 


stray-inductance: Wax Le 


ie = 
sn R, 


With the aid of fig. 5 we find the maximum value of 5 and the normalized 


values of the correction elements C and L, . Now C1 and L1 can be 





In In 
calculated: 
C, = Sin and L, = baAR, 
Wrax® Wrax 
At the secondary side the correction components become: 
2 L, 
C., ae C, and L, = r 


In general L., is so small that the tracks on the p.c. board can perform 


this PTunction. 


- A practical example 
For a low voltage 5.5.B. amplifier a transformer was required with the 


following specification: 


Frequency range : 1.6 - 28 MHz 

Power handling : 52 W s 
Load impedance : 100 ohms 

Input impedance : 4.6 ohms 


The most suitable Ferroxcube material for this frequency range is 4C6. 

From the power handling point of view a toroid core will be chosen with 

the dimensions: 23 x 14 x 7 mm , catalog nr. 4322 020 91070. 

The parallel reactance at 1.6 MHz measured at the secondary side must 

be +3400 ohms (see ref. 1 and 2), corresponding with an inductance of 40 jul. 


The required number of turns is then: 


Led 
M sec ~ ee a A 
O e 
in which : = 0.5525 mm for this core and [ry = 120 for 4C6 material, so: 
are 21.9 
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A logical choice would be re 22. The voltage transformation ratio 


1s is = 4.66, by which the primary number of turns must be: 22/4.66=4.7. 
We choose: n_. = 5. 


pr 


The required transformation ratio can be approached better if the secondary 
number of turns is modified from 22 to 23. Now the secondary parallel 
inductance becomes ad ae and the impedance transformation ratio (2 - eV 
by which the input impedance will be 4.74 ohm being appr. 3% higher 


than the required value. 


L.F. comvensation of the parallel inductance can be carried out by means 


of a single capacitor in series with the secondary (see ref. 1 and 2): 


L 44 x 107° 
c= a = ——— = 4400 oF 
sec AGC 


A standard value of 4700 pF has been chosen. 


The maximum voltage across the secondary winding is: 


V Sten se \/ ax lQ0x52 c= 1O2YV 
sec sec 


Now the maximum flux density can be calculated: 


V 
B = sec 
max 
@ . An 
min sec 


in which A = 31%5 mi for this Core). SOs 


ge a a eee 140 gauss at 1.6 MHz. 


Pax 6 = 
2M x1,6K 10 x37, 510 - x23 


This gives a core loss of appr. 1% or O.5W. 


To keep the stray-inductance low the transformer has been wound as follows: 

- The primary consists of the parallel connection of two windings each havin; 
5 turns of 4 mm wide copper foil. Bach winding has been equally divided 
around the periphery of the corej one winding was wound in between the 


other one. Between these two windings a thin layer of isolation material 


was used. 
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- The secondary consists of the parallel connection of two windings 
each having 23 turns of 0.45 mm enamelled copper wire. The method 


of winding was the same as for the primary. 


The stray inductance measured at the secondary side was 0.67 pens pins) 
make the correction less critical we choose a maximum frequency of 
35 MHz instead of the specified 28 MHz. The normalized stray—inductance 


becomes then: 


L 7 oT x 3 xX 10° xO0.67 107° = 1.47 
sn 100 ~ . 


From fig. 5 we finds 


gate 1.064 
Gas, a Vecd 
L = 0.66 

in 


In this case the index 1 applies to the secondary and index 2 to the 


primary. The compensation elements become: 


1.24 
C, ~ 2% x 35 x 106 x 100 © 36-4 pF 


0.66 x 100 


by * Bx 35x 100) = O38 sl . 
Cai ero a) 5668 = 1190" oF 
L2 = 0.3/21.1 =. 0.0142 pus 


For C1 a standard value of 56 pF was chosen. 

C2 consisted of the parallel connection of 330pF and 3x270 pF being 
1140 pF in total; the slightly lower value was chosen because of the 
series inductance of the capacitors. L2 was formed by the tracks on the 


pec. board. 
The first measurements on the compensated transformer showed a too high 


V.S.W.R. at 28 MHz together with a capacitive behaviour of the impedance 


from which we got the impression that it was over-compensated. This 
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appeared to be due to the capacitance between the primary and the 
secondary winding. Therefore we reduced the values of the compensation 


elements by 10 to 20 %. The new values are: 


C1 = 47 pF 
C2 = 980 pF (parallel connection of 2 x 270 pF and 2 x 220 pF) 


Losey 2 x 6 nH (tracks on p.c. board) 


The complete situation is depicted in fig. 6. The load impedance Zr 
consisted of the parallel connection of 2 resistors of 15 ohm, 1 resistor 


of 12 ohm and a capacitor of 120 pF. The latter was added to compensate 


the series inductance of the resistors. 





Fig. 6 


The results of the measurements have been summarized in table II 


Table II 
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It can be seen from the table that the maximum input V.S.W.R. has been 
reduced to 1.14. Without H.F. compensation this V.S.W.R. would have been 
appre 3a 2OUMie. 


A.H. Hilbers 
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PURPOSE and SCOPE 


- This report is primarily intended for the manufacturers 
of S.S.B. transmitters in the H.F. range (1.6 — 28MHz). 






- The objective of this project was the design of a 






wideband power amplifier module of which a combination 






of four is capable to supply 1KW output power. 






- This module contains 2 transistors type BLX15 connected 






in push-pull and adjusted in class — AB, 






At a supply voltage of 50V an output power can be 
delivered of 30 = 300W P.E.P. at an intermodulation 
distortion of -30dB or better. " 

In the frequency range of 1.6 = 28MHz the power gain is 









equal to 16.8 + 0.5dB; the input V.S.W.R. has a maximum 
value of 1.17. 


- The only competitive device in this field is the C.‘7.C. 







transistor type 5150 = 28 which delivers 150W output 






power at a supply voltage of 28V. This is not so 





attractive from the application point of view because of. 






the very low impedance levels, 
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Figure A shows the schematic diagram of the wide band power amplifier. 
The linear transistor BLX15 (development type nr. 402 BLY) is used in 


push-pull configuration. 


The design has been started with the calculation of the intrinsic 
parameters of the transistor from the mask drawings, material 


specification, etc. 


The large signal behaviour then could be calculated with a computer 
program as described in earlier C.A.B. reports. 
These calculations show large variations of the input impedance and 


gain when operating over more than four octaves. 


The problem has been solved by inserting a six elements network per 
transistor, comprising the components between the input transformer T, 
and both BLX158 and by applying cross-eneutrodynisation. It was possible 
to calculate the network elements with the aid of an available computer 


progran. 


A good compromise has been found in the choice of a network input 
impedance being equal to 2 x 2,78 = 5,56 Ohms, a value that easily can 
be transformed to the 50 Ohms source impedance by means of Ty» being an 


asymmetrical to symmetrical 9:1 impedance transformer, 


The required load impedance of a pair of BLX15@ amounts to appr. 12,5 Ohms, 


so a transformer ratio 1:4 has been chosen. 


Both transformers have been constructed as conventional types wound on 
4C6 toroids. The input transformer uses a toroid with dimensions Dxdxl« 
14x9x5mn° , whilst calculations proved that the application of our biggest 
toroid of 4C6 material, with dimensions Dxdxl» 36x23x15mm° can be 
justified for T3, what has been confirmed by practical tests. 


Fig. C gives an example of the practical realisation of the output 
transformer. The construction combines the advantages of high mutual 


coupling, small parasitic capacitance and low ohmic losses. 


To reduce the influence of the spreading inductance, particularly at the 
high end, and shunt inductance at the lower end, compensation has been 
applied according to the methods being already described in preceding 


C.A.B. reports concerning this subject. 


The output circuit contains a centre tapped choke coil T2, that consists 


of an FXC rod of 4B1 material with windings of twisted enamelled wire, 
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In the cross neutralisation chain parallel connected resistors, with a 
resulting value of 3,3 Ohms, have been inserted to prevent oscillations 


in case of insufficient output matching. 


The amplifier operates from a 50 Volts supply voltage, what has 
consequences for the applied bias network (Fig. B). 
As emitter follower the NPN silicon epitaxial base transistor BD203 can 


do the job, whilst the temperature sensor is a BD433. 


The complete amplifier is mounted on a p.c. board, being screwed against 


@ water cooled heatsink, 
The transistors must form a matched pair. 


In total three amplifiers have been built. The typical results from 
single tone measurements of one amplifier for an output of 300 Watts are. 


shown in Fig. D. 


The intermodulation is measured with respect to one tone of a double 
tone test signal with a frequency difference of appr. 1kHz at output 
powers of 30, 100, 200 and 300 Watts PEF. 


Figs. E and F show the d3 versus frequency. The value of the d5 is small 


enough with respect to d3 and has not been mentioned in the curves. 


=. 
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fig. D 
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INTRODUCTION 


This report describes a wide-band linear power amplifier for the 

1,6 - 28MHz frequency range. The design is based on the BLX15, a silicon 
epitaxial NPN transistor specially designed for industrial and military 
SSB and RTTY applications in this band. 


The wide-band amplifier uses two BLX15s in a push~pull configuration 
with an output power of 300 Watts PEF. 


An intermodulation distortion distance of at least -40dB could be 


realised. 


The input impedance of the amplifier has a low VSWR because it will form 


the load of the preceding driver stage. 


wou 
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CIRCUIT DESCRIPTION 


The applied transistor is the BLX15 (development number 402BLY) 
intended to work from a supply voltage of 50 Volts. 


The design has been started with the calculation of the intrinsic 
parameters of this type from the mask drawings, material specification 


etc. 


The large signal behaviour then could be calculated with the computer 
program as described in C.A.B. reports ECO 7112 (Ref. 1) and ECO 7118 
(Ref. 2) or in Electronic Applications (Ref. 3 and Ref. 4). | 


Calculations were done with a program written in CPS (Conversational 


Programming System) on an IBM 360/75. 


With the mentioned program it is possible to calculate Ry + jXj, Rioad 
and Cjoad, the input power Py and the power gain as a function of 
frequency, output power Po and supply voltage Vcc. 

At the same time it is possible to choose the class of operation (4, B 
or C), the phase angle between collector voltage and current (see Ref. 1 


or 3) and the amount of neutrodynisation. 


In the first instance we started with the development type 402BLY. The 


table below mentions the input data: 


fp= 250MHz Che = 1970pF Proag= 150 Watts 
hres 30 Copis 38,9pF Ve = 46,8 Volts 
Rp= 0,18 Ohm Copo= 86,9pF Vpo= 057 Volt 
Re= 0,14 Ohm Coe = 69,7pF Rpo= 0,2 Ohm 

Ro= 0,37 Ohm Cgm= 3,5pF Rpe= 101° Ohms 
Lp= 1, 7nH Rpe= 101% Ohms 
Le= ini Cy= 82pF 

Lo= 1,5nH 
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The calculations were done on an equivalent circuit as shown in Fig. 1. 


Ceks 
Ls Ry cbs Re Le 
& =i 9 ‘a 
Chie 
oe 
Ryle i os Coe 
I, 


le 


Bi Fig. 1 


The next table shows the results of the calculations on the 402BLY. They 


were done at some characteristic frequency points in the band 1,6 — 28MHz. 


f Ry, Cy Ry X; Pi G 
(MHz ) (Ohm) (pF) (Ohm) (Ohm) (Watt) (dB) 
1.6 6426 =27361 TAT =2.77 0.235 28.05 
2.5 6.26 273.1 6.28 3.53 0.241 27294 
5a 6.26 =273.1 5.06 -3.81 0.251 27675 
5 6526. 27362 3.71 ~3.64 0.273 27239 
7 6.26 =273.2 2.65 =3.12 0.315 26.78 
10 6.25 =273.4 1.88 -2.40 0.403 25-70 
14 623° 0947 1.44 -1.73 0.570 24.20 
20 6.20 274.3 1.19 1.11 0.927 22.10 
24 6.18 -274.8 1et2 -0.83 1.236 20.85 
28 6.15 =275464 1.07 -0.61 1.605 19.72 


As can be seen from these results the input impedance and the gain of 

a transistor operating over more than four octaves show large variations. 
The input power needed for 150 Watts output increases from 0,235 to 

1,605 Watts what results in a gain variation of 28,05 - 19,72 = 8,25dB. 
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The complex input impedance RytjXy shows a large variation too, whilst 
the Ryogq and Cyoaq may be supposed to be constant, what means that the 
transistor has to be loaded with 6,25 Ohms in parallel with an 
“inductance” of <274pF. 


The load impedance was chosen equal to 6,25 Ohms to keep the possibility 
of applying a transmission line type transformer, because the property 
of this type is that the impedance transformation equals isn’, in which 
n is a small integer. Within certain limits this value can be 

chosen by the required output power and the amplitude of the collector 


voltage V,. The relation is given by the approximation: Rioaa=Vo/2-P, 


The target is 300 Watts output in linear operation with an intermodulation 
distance of at least -30dB. From two pieces BLX15 operating in class AB 


it can be expected that tney can do the job. 


Adding power can be arranged by means of a parallel or a push-pull 
configuration. We have chosen for the push-pull system with cross 
neutralisation. The reason why can be found in C.A.B.report ECO 7114 
(Ref. 5) describing a similar set-up with two BLX14s for 80 = 100 Watts 
PEP output. | 


The output power generated by the transistor pair has to be delivered to 
a 50 Ohms load. Because the values of Rjoag and Ciena are almost constant 


a wide band output transformer with ferrite core is possible. 


Taking in view the high power and the fact that this transformer may not 
contribute too much in the overall distortion the construction needs 


special attention. 


Two versions are possible viz. the transmission line type and the 
conventional type. The reason why the latter wide-band type has been 


chosen will be explained further on. 


The input power presented to the circuit has to be rather constant versus 
frequency, whilst the input VSWR may not become too high, preventing 


mismatch of the preceding driver stage. 


It is desired to keep the input VSWR below 2:1 and the gain variation 
within + 1,0dB. 


For this reason a wide-band input transformer can only be applied when 


the load is rather constant versus frequency and has a suited value. 
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The variations in input impedance and gain have been decreased in 


two ways: 


a) Applying cross neutralising from the base of one transistor to the 


collector of the other and vice versa. A value of 82pF is suitable. 


b) Applying a correction network at the input. The purpose and motivation 
of such a network has been described extensively in report ECO 7114 
(Ref. 5). 


Fig. 2 shows a simplified correction network of one transistor input. 





Fig. 2 


a 


Because this network is still rather theoretical it was decided to 
incorporate all parasitic inductances and loss resistances and to take 


if possible available standard values for the resistors and capacitors. 


The new extended circuit takes the form of Fig. 3 
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The parasitic elements of the components are known from experience and 
have been checked in the past. 

Tne approximate values for these elements of a polystyrene capacitor are 
8nH for the inductance and 0,1 Ohm for the loss resistance. The leads of 
@ capacitor were appr. 2x3mm. With the same lead length the resistors 
have also a parasitic inductance of @nH. The losses in Lo and Lz are 


neglected. 


The calculation of the network components of Fig. 2 for approximately 
equal gain and required input impedance at the two outer frequencies 

1,6 and 28MHz can be done with the calculation method of report ECO 7114 
(Ref. 5). 

To know more details about the intermediate frequencies a program has 
been used made for the IBM 360/75 computer. 


It calculates, among other things, the overall input impedance and gain 
as functions of frequency. A number of 10 frequencies was chosen mostly 
at half octave points. 

The transistor data at these points must be introduced in the progran. 
Tne results of the first approximation have been given in the following 


table of component values: 


Cy = 1195.9pP 5 Lg = 15,3nH , Rz = 3,32 Ohms 
C5 = 3817.5pF , Lz = 20,3nH , Ry = 9,11 Ohms 


When these caiculations were done it turned out that the maximum input 
VSWR occurred at 20MHz being 1.1831. 

The power gain is calculated witn the input mismatch taken into account: 
G = 10 log (Po/Pif) in which Po is the output power and P;>¢ the incident 


drive power. 


The gain was maximum at 1,6MHz viz. 16,88dB and had a minimum of 16,48dB 
at 7MH2 so a variation of + 0,21dB. These values are within the 
requirements which were for tne VSWR a maximum of 23:1 and for the gain: 
+ 1dB. 


Now all parasitic elements of Fig. 3 have been introduced in the 
calculation, the values of the coils were rounded off and standard values 
were taken for resistors and capacitors. Simultaneously the value of Ly 


has been reduced to 17nH to decrease the gain variation versus frequency. 
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The new values are listed below: 


Cy = 2 x 560pF parallel + 4nH + 0,05 Ohm 
Lo = 135nH 

Lz = 14, 3nH 

Rg # 3 x 10 Ohms parallel + 2.7nH 

Ry = 2x 18 Ohms parallel + 4nH 


= 3 x 1200pF parallel + 2,7nH + 0.03 Ohm 


Calculations executed with these values gave a slightly lower VSWR of 


1.1431. The gain variation increased from + 0,21dB to + 0,4dB (min. 


16,24dB, max. 17,02dB). 


The next table shows in short form the output data of the computer. 


f Rig Xis VSWR Fine: Gain 
(Miz) Ohm (Ohm) (=) (Watt) (aB)- 
1,6 2,31 0,01 1,01 3,063 16,90 
2,5 2,81 0,01 1,01 3,177 16,74 
395 2,82 0,01 1,02 35 3507 16,57 
5 2,85 0,01 1,02 35461 16,37 
7 2,89 =0,01 1,04 3,562 16,24 
10 2593 -0,09 1,06 3.546 16,26 
14 2591 ~0,23 1,10 3,376 16,47 
20 2,67 ~0,29 1,42 3,084 16,86 
24 2,56 ~0,06 1,09 2,973 17,02 
28 2,15 0,36 1,14 2,975 17,01 


CHOICE OF TRANSFORMER TYPE 


The performance of the broadband amplifier is determined to a large 
extent by the quality of the transformers used in the circuit. In the 
frequency range concerned careful design is essential if low losses 
and accurate impedance transformation are to be maintained over the 


whole band. 


swf 
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Broadband transformers can be constructed in the conventional way, with 
a magnetic core and separate primary and secondary windings, or as a 
transmission line type in which the primary and secondary windings are 


combined to form one or more transmission lines, 


C.A.B.report ECO 6907 (Ref. 6) and Application Information 530 (Ref. 7) 
have been devoted entirely to the design of the transmission line 
transformer. The latter, having undoubtedly the advantage of the largest 


possible bandwidth, has also some drawbacks: 


a) the impedance transformation ratio is restricted to 1/n* compared 
with n* /m* for the conventional type (n and m are small integers) 
b) they are difficult to construct when a number of windings must be 


combined. 


However, they have very low insertion losses, whilst the winding 
capacitances and stray inductance, which set the H.F.limits of convention 
transformers, are absorbed * the characteristics of the lines. The L.F. 


limits of both versions are the same. 


NyZn ferrite (a.o. grade 4C6) is the most suitable core material and the 
toroid the most useful core shape. 


Mainly the points a and b led to the choice of the conventional type. 


THE INPUT TRANSFORMER 


Tne input transformer has to transform the 50 Ohms asymmetrical source 
impedance to the 2 x 2,78 = 5,56 Ohms symmetrical network input impedance 


So the transformer is a 9:1 impedance transformer. 


The reactance of the shunting inductance at the lowest frequency 1.6MHz 
has been chosen to be at least 4 times the primary resistance (50 Ohms), 
what roughly corresponds with an input VSWR of 1+ Ri/X, =z 1,25 a value 


being improved by compensation later on. 
So the inductance is 20 UH or +j200 Ohms at 1,6MHz. 


The transformer is wound on a ferrite toroid of 4C6 material. 
These toroids are delivered in standard dimensions and it must first be 


investigated which size is needed, 
This can be done with the aid of the formulae: 


Le Ags Uyen” oA/I and Bnax = Vinax/WeAon 
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A is the average ferrite cross section in m” and 1 the average length of 


the lines of force in m. Both A and 1 are unknown. 


Finding the number of turns n from the first equation and introducing it 
in the second one gives after rearranging 
Bete Vee) Bau) + Mos fxr/L 
in whicht lo = 4.1 1077 

for = 120 4 20% (4C6) 

L «» 20,uH 

w = 21 x1.6x10° rad/sec. 
Vinax Can be calculated from the power that has to be transferred. The 
input power in the push-pull configuration amounts to approximately 
7,5 Watts for 300 Watts output and 16dB of gain. 


In that cases Vmax = (2sPicR,)e 2 (2x7.5x50)2 = 27,4 Volts 


Buay depends on the parallel loss resistance that is acceptable what can 
be calculated from the Figs. 4 and 5. 





= 
Ht Hf HHH i 
ft 


104 4 10 100 
Fig. : —— Bnax+f (THz) Fig. 5 —» f (MHz) 






Fig. 4 shows pr Rp/L versus Bagy f for 1,6MHz and Fig. 5 pr Rp/L 


versus f for Bnaxy —e O- 


If a power loss of 1% is acceptable then Rp = 100 x 50 = 5000 Ohms. 
Hence /reRp/L = 120x5x10° /20x1075 = 3x10 10 sec 71, As at high 
frequencies Rp depends hardly on Bnax we may conclude from Figs. 4 and 5 


that above calculated value only can occur at 1,6MHz. 


2/10 
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The value of Bnay,f corresponding with above mentioned igor Be 
amounts to 2x104T Hz according to Fig. 4, so the resulting value for 


The required product Ael can now be determined: 


Aelem (2794/2T1 x1 621001, 2521072) *x4TT 2107 7x120/20x107 P= 0, 36x107 me 


In the table below the A.1 products of some available toroids have 


been given, calculated according to: 


ee {nh (2~4)/2\ {77 (D+a)/2 } 


catalog number Dimension (mm ) A(m* ) 1(m) Awl(m 


Dxdxh 
4322 020 91010 9x6x3 4,51x107° 2,33x107° 0,105x10- 
4322 020 91020 14x9x5 12,54x107° GG a hcma 0,445x107° 


As the table shows the smallest toroid that meets our needs is a type 
with the dimensions 14x9x5mn. 
The number of turns for an inductance of ia is calculated with the 


aid of the rearranged equation: 


6 


n= (L.1/ ug. ua)? (20x107 x3, 5521072 /4 1 x107 x120x12,54x107°) 2 


19,435 turns. 

The number of secundary turns depends on the impedance step to be made: 
Aprim/Mgect (RP/R8)*= (50/5,56)% 3 

It is obvious to take the ratios: 21:7 turns. 


During experiments it appeared that a mid tap is superfluous, it could be 


arranged in an artificial way. 


In first instance a transformer has been constructed having 21 turns 
primary and 7 turns secondary. The wire diameter was 0,6mm of enamelled 
copper wire. 

To keep Loy small the windings were as close together and to the core 
as possible. Also each winding was divided around the periphery of the 


core and wound in between tne other one. 


rey ie 
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With the aid of a vector impedance meter (HP4815A) the Lo,, has been 


t 
measured. It appeared that Lote was too high to apply compensation 
according to Nielinger (Ref.8). 

The factor X max! = = 70,79/50 = 1,416 at 28MHz. 


This value must be reduced to below i.1. 


Then the idea arose to use adhesive copper foil (width 3mm; thickness 


0,075mm) for the low-ohmic winding. This can be in direct contact with 


the core as the resistivity of the lacquered ferrite is very high. 


The high=-ohmic winding consisting of enamelled copper wire of 0,5mm nas 
been wound over the secondary in such a way that 35 turns cover one turn 
of the secondary (see constructional details on page 28), 

Between both windings a thin (width 5mm ; thickness 0,1mm) sheet of 


PTFE foil was required as isolation. 


The Loe measured at the two outer frequencies with short-circuited 
secondary is: 
f (MHz X. 4 .(Ohm) 
1,6 2,627 
28 44,49 


H.F. COMPENSATION OF THE INPUT TRANSFORMER 


Ro is the transformer output resistance 
and Lote the stray inductance seen from 
the primary 


Fig. 6 


According to Nielinger (Ref. 8) C, = C, will be added to form an L.P. 
section by which the maximum VSWR is reduced. 


C., is transformed from tne secondary. 


safle 
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X max 2.7 of ek = 44,49 Ohms 


f = 28MHZ 
max 


/R = 44,49/50= 0,89 VSWR ax 1907 


max 
From the curve of (Ref. 8) it follows that: 


R/K min” 0,56 x. min? 50/0,56 = 89 Ohms 


x _ = 1/27. Ce a 
¢ min max prim 


6 : 2 
Cine 1/27 x28x10 x89= 63,7pF whilst Cec becomes T. 


S74pF. 


prim” 9x63, 7pF= 


In first instance the primary capacitance was chosen 62pF. Later on it 
has been replaced by a 100pF film dielectric trimmer to make a tuning 


procedure possible. 


The partly compensated transformer has been checked with a vector 
impedance meter, First tne parasitic properties of the instrument probe 
have been determined. The results have been put in a small digital 
computer, which output shaws the performance versus f given in Xs, ks, 


Rp, Xp and VSWR. This method will be applied in subsequent measurements. 





are 2xI02 In paratle/ with 
T 2X12 
—— iI 
Rs, Xs ; I- 
Rp. Xp f 
VSWR 1 
+ QXION in paralle/ wth 
1SpF in paralle/ wth 2X 1ZNR. 
47 pF Fig. 7 
f(MEz Re(Ohm) Xs(Ohm) Rp(Ohm) Xp(Ohm) VSWR 
1,6 49,59 9,58 51,44 266,34 1,21 
355 50, 30 3,65 50,56 697,25 1,08 
7 50,96 0,24 50,96 10900 1,02 
14 52,41 2,48 52,52 1108 1,07 
20 51,50 5947 92,08 490 1,12 
24 49,72 6,66 50,61 377,6 1,14 
28 48,60 T,94 49,61 342,6 1,16 
e/ 45 


399 


ECO 7308 
Page 13 


The compensation characterised by the VSWR at the high end of the band 
looks acceptable. At the lower end the VSWR (= 1.21) can be decreased by 


applying LF compensation. 


264 L.F. COMPENSATION OF THE INPUT TRANSFORMER 


Fig. 8 shows the essential elements for a simple high pass section at 





1 9 6MHZ. 
cS 

I| 

R= 50Nn i 
ie 

: | 

¥ 1 

If 

air 6 7t 
Fig. 8a Fig. 8b Fig. 8c 


The primary inductance at f= 1,6MHz has been measured and calculated. 
The measured value is 26 pul. Because of spread the calculated value of 
a ae has been used, 


According to ref. 8:3 


R/X, min A max /R 

Xx, sae 232 Ohms 

R/X, nin” 50/232 = 0,216 4 VSWR =» 1,045 

Xo max” 0,216x50= 10,8 Ohms 

Ce 1/27 .f,. oX max” 1/27 x1, 6x10°x10, 6s 9,20nF 


A parallel connection of 2x 4,7nF has been chosen. 





2.5 THE COMPENSATED INPUT TRANSFORKER | 
2X702 In porated with 
| 2X/2LL 
2X4. hae =o) J 
Rs, Xs tr 
Kp, Xp me : 
VSWR 
me 2XION th parallel with 
Fig. 9 1S pF ih paralle/ with 2XIZ S244 


A7pF 
400 
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The table below shows the measured results: 


f (Miz ) Rs( Ohm) Xs( Ohm) Rp( Ohm) Xp( Ohm ) VSWR 


1,6 49,52 0,72 49,53 3415 1,02 
399 90,45 0,54 20,45 4748 1,01 
q 90595 0,69 50,96 3776 1,02 
14 21,83 3436 92405 803 1,08 
20 24590 2941 22508 490 1,12 
24 50% 36 5456 51,04 438 1,12 
28 49574 6535 90595 396 1,14 


It shows a clear improvement of the VSWR at lower frequencies. 


THE OUTPUT TRANSFORMER 


The output transformer has the same lay-out as the input transformer 
but the calculation will be done in a different way because we approach 


the limit of what can be done with our biggest 4C6 toroid (36x23x15mm° ). 


We start with the calculation of the required number of secondary turns 


supposing that L is equal to that of the input transformer, viz. a0 ais 80; 


n= (Lel/ igs jigs) 2 (20x107°x92x1072/4xTt x107/x120297, 62107°) Be 11,2 turns 


As we will see further on this number of turns must be even so we chooses: 


Bae 12 turns, by which L becomes 25 jUH. 


The next step is to calculate B for which we need V ° 
max max 


The latter can be calculated from the maximum output power and the 


impedance R, of 50 Ohms. In this case the maximum power amounts to 


L 
300 Watts, corresponding to: 


ee (2.Po+R, )@ (2%300x50) 2= 173,2 Volts across 50 Ohms. 


So% 


3 -6 


2 


VV / (w nesen)= 173,2/ (277 x1,6x10°x97, 6x10 x12)= 1,47x10 “T, 


max max mol 
The core loss can be calculated with the aid of Fig. 4. 
Then we need the quantity Byay f being equal to: 

1447x107 7x1, 6x10°m 2,35x10%, From Fig. 4 we can see that: 
ir. RP/L= 2,9x10'° gec 7h SO 


Rps 249x101 °L/ pap 2,9x1019%23x107°/420= 5560 Ohms. 


00/15 
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From this it can be concluded that the core loss is: 
(50/5560) x 100% = 0,9% of 300 Watts or 2,7 Watts. 


At the primary side the impedance is 2x6,25 = 12,5 Ohms what determines 


“pat 
the number of turns tos Deiat “eee (Rp/Rs)*= 12 (12,5/50)“= 6 turns. 


The practical realization is shown on page 28. 


The Loy. measured at the two outer frequencies with short-circuited 
primary (low ohmic side) iss 
£( MHz Xs( Ohm) 
1,6 2,037 
28 34999 


HF. COMPENSATION OF THe OUTFUT TRANSFORMER 


The calculation is in main lines similar to the foregoing, so it shall 


be given briefly. 


12,5 —* 50 Ohms transformation 


x, aoe 2TT « diay = 34,99 Ohms 


f = 23MH2. 
max 


cul R = 34,99/50 = 0,7 & VSWR =» 1,03 


From the curve in ref. 6 it follows thats: 


R/X, min 7” O74 , 50/0,4 = 125 Ohms 
6 
O og 1/2mf Xo min” 1/27 x28x10 x125 = 45,3pF 
2 2 
Catan To x Clon 2°%4553= 181, 2pF 


202 in parallel! 
with 2X 182 





12 ¢ 

I 

: 

| 

i 2x12 bF paralle/ 

I Rs Xs 

{| UU —<—<$— : 

VSWR 

2082 in paralle/ 
With 2x18 
Fig. 10 00/16 
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f( MHz ) Rs(Ohm) Xs(Ohn } Rp( Ohm) Xp( Ohm ) VSWR 
1,6 90,24 8,79 51,78 296 1,19 
399 91,83 3, 51 D204 815 1,08 
7 52,46 0,26 52546 10407 1,05 
14 94,00 0,69 24,01 4237 1,08 
20 345 50 2,96 54,46 799 1,11 
24 94,88 6,06 99999 501 1,16 
28 54,98 8,28 56,22 313 1,20 
nao La Fs COMPENSATION OF Tis OUTEUT TRANSFORMER 
Cc Cc (1- k2)Lp Cc 
| = od 
R=505L ; 
i ee k2 Ln R=SO —e CL ‘ 
s I] 
Mi 1 
Woo 
12¢ = 64 
Fige ila Fig. 11b Fig. tic 
ee 25 ud (calculated) 
according to ref. &. 
R/X,, min- Ko max/® 
x min” 231 Ohns 
R/X, aes 50/231 =» 0,2165 VSWR= 1,04 
X. ee 00,2165 x 50 = 10,8 Ohms. 
Ca 1/27 .f X = 1/27 x1,6x10°x10,8 = 9,2nF 


min® c max 
4,7nF parallel with 5,6nF was chosen because this particular core had 


a somewhat higher permeability. 


Par a 
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Se ee a a a a a as ee a eS The primary compen: 
sation capacitor 
20.2 in parallel has been increased 
with 2X 1&2 to 240pF to compen: 
¢7AF in paralle/ sate for the induc. 
120 | with S.6hF tance of the load 
resistors. 


r 2Xx22pF paralt 


il q : Rg 9 Xx. 


Rp X 


VSWR 





(202 in parallel 
with 2x19 N Fig. 12 


The table below shows the results: 


f(MHz) s(Ohm) Xs(Ohm) Rp(Ohm) Xp(Ohm) VSWR 


1,6 29,49 1,63 59555 1570 1,03 
59D 50,92 1,44 50,96 1798 1,03 
7 50,92 1,59 50,97 1636 1,04 
14 50,91 2,38 51,02 1092 1,05 
20 50,77 3,10 50,96 834 1,07 
24 50,11 4,02 50,44 628 1,08 
28 50,13 ee 50,41 681 1,08 


As can be seen from the table the VSWR has not only been improved at 


low frequencies but also at high frequencies. 


2.10 THE CENTRE TAPPED CHOKE COLL 
According to the amplifier described in ECO 7114 (ref. 5) the output 
circuit contains a centre tapped choke coil, that in our case consists 
of a FXC rod instead of a tube of 4B1 material with windings made of 


twisted enamelled copper wire. 


Because a good explanation of the behaviour has been given in the 


mentioned report the description has been omitted in this report. 


The twisted line nas a characteristic impedance of appr. 45 Onms, 
a capacitance of 155pF/m, a coupling factor between the windings of 


97,9/% and an inductance of "44 un typical for one winding. 


For the normal range of operation the equivalent circuit of the choke 
coil consists of an inductance Lon™ d9 1) ull in parallel with a capacitance 


Coy™ TPF. 


-./18 
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2e11 COMPENSATION MEASURES IN TH OUTPUT CIRCUIT 


The total collector load is formed by the circuit shown in Fig. 13 in 


which Co is the transistor output capacitance and 


C 
Ca d.c. blocking capacitor. 
The value of Lop amounts to 
Cof, bag lore R, 9975 7a being transformed from 
Con the secondary side. 
& 
Fig. 13 


According to ref. 8 L.F. compensation can be applied. In that case the 
circuit has to be divided into two parts. Fig. 14 shows the new situation, 


which the influence of Cy and Con has been neglected. 





C 
Ra 6.252 R=6.252 
—_——pP . 
Re6.252 Re 6.2522 
Fig. 14a 


In this case it happens to be that L, = Loy so thats 
C = C,/2 = C,/2 
R/X 


/R : 


Re in = et inet 


R/X = 6,25/28,85 = 0,2165 2%. VSWk= 1,04 


Donine 7 C1 max 
= 2m x1,6x10°x2,87x107°= 28,85 Ohms. 


L min 


Xo ele 0,2165x6,25 = 1,352 Ohm. 


6 
C,= 1/27 foin?*cy max” 1/277 x1,6x10 x1,352 = 73,5nF 


So the d.c. blocking capacitors, giving L.F. compensation too, have to 
bes C= 73,5/2 = 36,7ni. 


Because tne effective current through these capacitors is very high, 

viz. appr. 5A they have been composed of a number of capacitors in paralle 
In case of 3 capacitors the current is 1,034 pr, being still too high to 
be handled by a polyester capacitor, because of too high tgo « Because of 
the lack of @& suitable type it had been tested with mentioned parallel 


connection. It operated without troubles. se 19 
405 


ECO 7308 
Page 19 


However the problem has been solved later on by using polystyrene 
capacitors (3x 1inF + 5% in parallel, V= 125 Volts). This value is 
somewhat lower than the calculated one because in the design phase it 
was assumed that Li« Lo= 299 UH; based on performance there was no 


reason to change it afterwards. 


Connecting 3 pieces in parallel keeps the total serieseinductance low, 


what is required from the point of view of H.F. performance. 


The H.F. compensation could be arranged as follows: 


L A bse 





Fig. 15 


In the right hand part of Fig. 15, thetr section with Cos le ty and C; 


has an input resistance of 6,25 Ohms. 


The R and Cy of resp. 6,25 Ohms and 275pF have to_be matched to the 
6,25 Onms of the network. This could be done by introducing a second 


Tr network that consists of Ci L and Che 


However a simpler solution is possible (See Fig. 16) when the value of 


L is so that it compensates the capacitance Cie 





~j 1.732 £ 
—e S73 L2 aaa $.73 & 


Transforming R, and C, to series components (Fig. 16b) they become 

5.73 Ohms in series with -j 1,73 Ohm. For compensation the value of L 
at 283MHz nas to be +3 1,75 Ohm or 9,8nH, a value being approximately 
present in the circuit (wiring, p.c.board). The somewhat decreased 

Roe 5,73 Ohms for the highest operating frequency has been accepted, so 


C, appeared to be superfluous. a 20 
406 
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THE BIAS CIRCUIT 


The amplifier operates from a 50 Volts supply voltage, what has some 


consequences for the bias circuit. 


Fig. 17 shows the applied circuit. 


o t50V 
6X47OR paralle/ 






DI13 
8D 433 BD 203 Fxc bead 3B 


BLXIS 


Fre bead 38 


Fig. 17 
Tne maximum current drain of the emitter follower depends on the d.c.= 


collector current of the BLX15g and their minimum h,,,.. The transistor 


FE 
type can be supplied in 7 h,, groups viz. BLX15A (I,- 73,5 = 87,5mA for 
Ine 1544 and Vyp= 6 Volts) 

to BLX15G (I,= 2755 - 31,5mA for I,= 1,44 and V\i= 6 Volts). 


The minimum hap for the A type amounts to 15. 


os 


The collector current has its maximum around 20 = 28MHz. A value measured 
in a practical amplifier was 12,2A. This gives witn the minimum Dap of 

15 a total base current of 815mA. 

The current capability depends mainly on the value of the collector 
series resistor of TR2. The voltage across this resistor has a maximum 

of appr. 49 Volts if the transistor is in bottoming. From the above follo) 
a value of 49/0,815 = 60 Ohms. In practice a some what higher value *) 
has been chosen (6 x 470 Ohms in parallel), having a maximum dissipation 


of appr. 30 watts, however tnis dissipation will always be lower. 


° 


The collector dissipation of TR2 has a maximum value at the half Vp 


namely appr. 25°/78 = 8 Watts. 
An NPN silicon epitaxial base transistor BD203 can do the job (V 
60V__., I = 8A, P 


max C max 
the main neatsink. 


point, 


CEQ 


bot” maxe 60Watts). It can be thermally connected to 


a) The practical minimum h is higher than 15 due to tne fact that this 


FE 


quantity increases as a function of V 1. and junction temperature. 


Ck” —C 
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The bias voltage will be equal to the sum of the base-emitter voltage 
of TR1 and the voltage across its emitter resistor. 

A requirement is tnat the Var must have such a value tnat it is below 
that needed to cause appr. 100mA collector current in each BLX15. 
Adjustment of the quiescent current with a variable emitter resistor is 


then possible. 


In the first instance a BD135 was applied, but due to spread in 
characteristics of that type we decided to change to a BD433 naving a 
lower V,,, because of a larger crystal. 

TR1i is thermally coupled to the heatsink of the r.f. transistors and as 
close to these devices as possible. 

By doing so the bias will compensate the 2mV/°C drop of the Vor of the 
BLX158. 


The power dissipation in TR1 is only 33m Watts. There are no problems 
with the V of that type, because it is clamped to two emitter base 


CEO 
junctions so V,.. ~ 1,5 Volts. 


CE 
The internal resistance of the circuit was measured. It appeared to be 


appre 30m Ohms. 


The capacitors of 100nF, Uy hal and the FXC beads prevent parasitic 


oscillations. 


00/22 
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THE PRACTICAL AMPLIFIER 
Fig. 18 shows the circuit diagram of the complete amplifier. 


Constructional details of the transformers have been given in Figs. 19, 
20 and 21. 

For a better symmetry both toroids have been mounted perpendicularly to 
the board. 

From the practical point of view it was impossible to connect the centre 
ends of tne collector choke windings to the same point. So two separate 
decoupling capacitors were applied. 

rach point is decoupled by three capacitors of 100nF in parallel. This 
was done to obtain a low reactance for the lower frequencies and a small 


lead inductance for the higher frequencies. 


The series inductance of the applied type is appr. 8nH for 2 x 2,5mm lead 
length. The decoupled points could not be interconnected directly. 
Insertion of two mocified FXC chokrs was necessary to shift the resonant 


frequency to below the lowest operating frequency. . 


The components were mounted on a p.c.board of epoxyglass. The lower sheet 
of the double clad board functions as a ground plane. Interconnections of 
some upper parts with the ground plane were made with 2mm tubular rivets, 


being soldered to the tracks to be sure of contact. 


In the laboratory test sets the BLX15@ housing in plastic SOT-55 envelopes” 
were not soldered in the circuit, but their leads were pressed on contact 


plates by small screws through the holes in the leads. 


The bias network is on a small p.c.board. It was screwed against the 
heatsink. | 
Fig. 22, 23, 24 and 25 show the p.c. boards with situation of the 


components. 


The cross-neutralising network has to be as short as possible; small 


series resistors have been inserted to prevent oscillations, 


The laboratory models have been water-cooled, the bias transistors were 


screwed against tne heatsink via mica washers. 


It is advisable to apply a thermally conducting paste for the BLX15s. 


20/23 
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MnASURBiENTS 


GENERAL 


Three amplifiers were built and measured. All the results of 
measurements will be given. 

The measurements were done under the nominal conditions: 
Battery voltage: La 50 Volts. 

Load and source impedances i and Re = 50 Ohms. 


: : Oo” 
Ambient temperatures ae appre 25°C. 


INTERMODULATION DISTORTION 


The I.M.D. versus output power is measured with a two tone signal (p.q) 

at the following frequencies: 1,6; 3,5; 7; 143; 20 and 28MHz. 

This signal is made as follows: The output signals of two X-tal controlled 
oscillators with a difference of 1khz, switchable in pairs at above | 
frequencies, have been separately amplified in two linear broad-band 
amplifiers. These signals have been combined in a hybrid and supplied 

to a driver amplifier operating in class A. The latter must be able to 


supply sufficient power to the input of the final. 


~e 


Two class A broadbandamplifiers intended for driver applications have 


been considered: 


1) A single stage amplifier with one BLX13, delivering an output power 
of 8 Watts P.E.P. for an I1.M.D. < =-40dB. The gain = 16,8 + 0,2dB. 
The amplifier has been described in C.A.B. report ECO 7113 (Ref. 9). 


2) A single stage amplifier witn two BLX13s in push-pull with an output 
power of 14 Watts P.c.P. for an I.M.D. € =40dB. The gain = 18,7 + 
0,15dB. A description is in report ECO 7201 (Ref. 10). 


The first tests were performed with the smaller driver, appearing barely 
enough for finals with a lower power gain. So the second one, being 


used for later experiments, is recommended. 


The oscillator part of the two-tone set-up also contains X=tal controlled 
oscillators presenting tne local oscillator signals to the spectrum 


analyzer SING=sR MF5. 


wef 24 
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Fig. 26 shows the block diagram, 


P, + 0.5 MHz 
etc 






Lin, amp. 
2X BLX13 
0.U.T Power | Lf | Cal. W mt 
2x BLKIS Ort 30d8 — 43yA |} 
ANZAC CO 920 ; 


@ “w) att, 


308 


Power / power Spectrum 
SUPP ee sae ana/. 


wo 25 
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4.3 INPUT VSwR, EFFICIENCY AND POWER GAIN 


These single tone measurements have been done with the set-up of Fig. 27. 
Py, Po etc. Power lin.am P-L Cin, amp. 
splitter 2X BLX 13 


= a : 
= o. U, 7 power 
2X BLXIS 





ey 
AN2AC 
CO 920 bade OQ OQ 
Ca/. W. mnt 
434A 
att. 10d8 
ae 
ae mer 
HPS8405A 
Fig. 27 


oaf20 
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MEASURED RESULTS (I.M.D.) PROTOTYPE AMPLIFIER 


The intermodulation is measured at output powers of 30, 100, 200 and 


300 Watts P.E.P. In case of unequal a; and d. components the worst 


2 


result is given. (a, and d., in dB) 
Pe 300 Watts Le 200 Watts ae 100 Watts Pa 30 Watts 
f( MHz d d. ad d d d d d 
aes J Eee ee n> > eee >| eee ee 
1,6 =38 -42 48 “41-37 -34 33 ~40 
99 ~42 -41  =38 -42 =37 =35  =33 -41 
7 -45 -41 =36 “43 =52 -34 ~39 ~47 
14 -31 ~44 ~-32 -40 =36 -33 =40 -43 
20 35 -38 =34 -38 9-32 =35 =36 34 
28 -30 =38 =42 “41 9-37 ~37 -34 ~42 


Figs. 28a and 28b show the d, versus frequency. 
In this case the driver with one BLX13 (Ref. 9) has been used. 


Typical results are given for an output power of 300 Watts. 


f (MHz I 44 fA) I a(A) eff(% Pipi) gain (dB) VSWR 
1,6 3939 4,80 59,2 5958 17,50 1,03 
395 D912 4,90 58,8 6,08 16,93 1,04 
? 5,25 5, 32 56,8 6,18 16,86 1,09 

14 6,05 5995 50,0 6,82 16,44 1,07 

20 6,30 5,90 49,2 6,28 16,79 1eN7 

28 6,45 5.05 49,7 7,06 16,28 1,06 


For curves see Fig. 29. 


I a. 2x 120mA 


ry a 


413 
















STAAL AREOLA E Oat 
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Fig. 28a 


Fig. 28b 


Fige 29 
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> Va=50V 


modified FxC choke 
grade 3B 

code number of bead: 
4312 020 31500 


BD203 







> BIAS O7V,GoomdA 





Fig. 18 


hog: 12turns of 
2Xx0;7mm enam. Cy | Ae 6 tips 


"4 Wire 
———— h,: 27 tu.ns of O5mm 
enam. Cu wire 


_t- =-——h,: 7turns ; 
ae | PTFE foil 
PIFE foil with adhesiye Copber foil 42mm wide 


Smm wide 3mm wide 0.7mm thickness 





a4mm thickness thickness appr. 75 Fig. 20 
Fig. 1 
Core: Fxc lorosd, grade 4C6, 14X9X§ mm adhesive Copper forl 
Code number: 4322 020 91020 fomm wide, thickness appr. 75 Ad 


* Pree foil on the outside 
z 


Core: Fxce toroid » grade 406, 36X23X15 ™m 
TAA @ Ce a a 


hy,Ng: S turns of 2Xt.0mm twisted nam. Cu wire 
wound on @ = Fxc rod , grade 487 
Dimensions (bx) : 10x 50 mmé 
Part of antenna rod: 3122 10% 91250 Fig. 21 6/29 
415 


5 


COMPONENTS 
Ris Ro = parallel connection of: 
3x 10 Ohms, carbon + 5%, CR68 
style 
Ra» Ry = parallel connection of: 
2 x 18 Ohms, carbon + 57, CR25 
style 
Ro» R¢ = parallel connection of: 
3 x 10 Ohms, carbon + 5%, CR37 
style 
Ro = 2,2k Ohms, carbon + 57, CR52 
style 
Re = 4,7 Ohms wire-wound trimming 
pot emeter, 2 Watts 
Ro = parallel connection of: 
6 x 470 Ohms, enamelled wire-wound 
+ 5j0 = 5,5 watts eacn 
Ryo = 33 Ohms, carbon + 5%, CR25 style 
C, = parallel connection of: 
2x4,7 nF polyester + 10% 
C. = 4—100pF film dielectric trimmer 
ae =x parallel connection of: . 
2x560pF miniature polystyrene + 1% 
oe ay 
= 100nF polyester + 10% 
aT: 
Cos Ce = parallel connection of: 
3x1200pF polyester + 107 
Cos Cy = Lee moulded metallised polyester 
+ 10% 
Co» Cio” 82pF ceramic 
C449 C4 o™ parallel connection of: 
3x100nF polyester + 10, 
Cagelyys parallel connection of: 


2xi0nF polyester and 
1ixi2nF polyester 


416 


2322 


2322 


2322 
2322 
2322 
2322 
2322 


2222 


Cece: 
2222 


2ece 


2222 


2222 


2222 
2222 


2222 


2222 


214 


— 101 


212 
104 
011 
320 
101 


342 
809 


425 


542 


d42 


344 
299 


342 


342 
342 
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13109 


53189 


13109 
63222 
02478 
32471 
33339 


49473 
07015 


45601 


45104 


45124 


21105 


56829 
49104 


49103 
45123 


sef 50 


180pF ceramic 2222 
parallel connection of: 

2x22pF ceramic 2222 
see Fig. 19 

see Fig. 21 

see Fig. 20 


13nH; 0,5 turn of 1mm copper wire 


De = 6mm, with 2 x 6mm leads 
int 


14, 3nH; 0,5 turn of 1mm copper wire, 
D 


int * 6mm, with 2 x 7mm leads 


ferroxcube choke, grade 3B 4312 


see Fig. 18 
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Fig. 22 
Fig. 23 
—_—— IGimm —____.____.___—_.. -~ ~--_-- —-~— 
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Vp =50V 
Rg 
BiAS Fig. 24 
Copper clad removed. 
Fig. 25 
191 nm 
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MODIFICATIONS AnD BXPERIENCES WITH RELEASED TRANSISTORS 


In the preceding part of this report a description has been given of 
an amplifier design at the time of the appearance of the first 
development samples of the BLX15 (development number 402BLY). 


Later on, around the period that the transistor was released, some 
modified amplifiers have been built in which measurements have been 


made witrmatched pairs of the typical BLX15. 


These modifications mainly relate to changes of the p.c.board and types 
of components. 

The p.c.board, applied in Fig. 23 came from an earlier design (Ref. 5) 
with 2 pieces BLX14 for 8° = 100 Watts P.c.F. 


The new board is given in Fig. 26, whilst the modified lay-out is shown 
bi ae ig Oa meh A 


Comparing both lay-outs shows that modifications exist mainly in widening 


or moving of tracks to obtain more room for the mounting of components. 


In the mean time it also appeared that an often applied type of tubular 


ceramic capacitor (Coy C Cy 6) was cancelled and had to be replaced by 


10° 
the miniature ceramic plate type of class 1B (temperature compensating 


type with rated voltage of 500 Volts). 


Chapter 4 mentions tnat the cross-neutralizing network has to be as short 


as possible. Special attention has been paid to that point. 


In 2.11 it nas been said that the effective current through coupling 
Capacitors C15 and Cay is too high and because of lack of a suitable 
type it was tested with the mentioned parallel connection. The problem 
has been solved by using 3 polystyrene capacitors ("minipoco” type) in 


parallel, each having a value of 1inF + 5%, V= 125 Volts. 


Because the sizes are greater the tracks on the p.c.board have been 


changed. In that way a low series inductance could be maintained. 


As a sensor in tne bias circuit the BD4343 has been chosen finally, whilst 
the value of Cos Ce has been increased to 353 uF to prevent parasitic 


oscillations, 


In the first tests the value of C., was chosen equal to the calculated one. 


Soon it appeared that a variable type could better be applied, the value 


being defined from a tuning procedure, 


ae 54 
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The following list gives a survey of the changed components, whilst the 


diagrams of Figs. 18 to 21 have been maintained. 


Cos Cio = miniature ceramic plate capacitor 2222 650 58829 
S5O0V d.c. 
Cass Cay = parallel connection of: 
3 x 11nF polystyrene + 5j | 2222 436 821103 
C16 = parallel connection of: 
2 x 22pF 500V d.c. 
miniature ceramic plate capacitor . 2222 650 10229 
00/35 
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WIDE BANT:. NE aw PW Asst 


r i 197 mm 


Fig. 26 
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Fig. 27 
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Te 


a) 


b) 


c) 


d ) 


e) 


f) 


g) 


h) 


i). 
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ALIGNMENT PROCEDURE 


Insert the amplifier in tne test circuit of Fig. 27 and adjust the 
total collector quiescent current at approx. 200mA for an ambient 


temperature of approx. 25°C. 


Drive the amplifier up to a single tone output of 300 Watts at 20MHz 
and tune C, for minimum input reflection. 
Note the value of the VowR, 


Repeat the measurement at 28MHz without detuning Coe 
Note the value of the VSWR. 


Drive the amplifier up to a single tone output of 300 Watts at 28MHz 


and retune C, for minimum input reflection. 


2 
Note the value of the VSWR. 
Repeat the measurement at 2OMH2 without detuning Cae 


Note the value of the VSWR. 


Choose that alignment of C, that shows the smallest overall VSWR, what 


may result in repeating measurement b. 


Measure the input VSWR, efficiency and power gain versus frequency as 
in Aste 


Insert the amplifier in the test circuit of Fig. 26. 


Measure the a and a, for Py 30 Watts F.E.P. at 28MHz. 


Turn R8 (Iog,) for the lowest IMD. The distortion will show a dip, as 
can be seen from a practical case in Fig. 28 in which that measurement 
has been done point by point. 

Maintain the value of Igg, further on. 

The VSWR, power gain and efficiency will hardly be influenced by the 


change of logs: 


k) Continue measurements as performed in chapter 4.4. 


RESULTS WITH TYPICAL RELEASED TRANSISTORS 


Measurements have been done on the prototype with typical released 


transistors and on two modified circuits (1 and 2 ). 


00/38 


424 


ae 


at Heniisrt 


i 














ECO 7308 
Page 38 


0 5 © 1§ Pore 7° 75 80 &S GO 95 


ee lees / trans. 


8.1 PROTOTYFE WITH TYPICAL TRANSISTORS 


Typical results for y= 300 Watts and v3" 50 Volts.. 


f (MHz Tg, (A) 
146 4,64 
D9 4,64 
7 4574 

14 5440 

20 5975 

26 5975 


Curves in Fig. 29. 


I 


A) 


c2' 


4,88 
5,05 
523 
6,40 
6,10 
5456 


eff.(7) 


63,0 
61,9 
60,2 
50,8 
50,6 
3350 


425 


gain (dB) 


15,24 
14995 
14,88 
14,10 
14,77 
15,24 


VSWR 


1,01 
1,08 
1,15 
1,14 
1,22 
1,55 


(mA) 


Fig. 28 
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D9) 


20 
28 


Curves in Figs. 


Pe 300 Watts 


3 Os 
~40 48 
43 44 
42 -45 
=~ 41 =60 
-33 ~43 
31 ~35 


eff 
\2t 
(»)* 





47sT 
4746 
47,6 
2999 
D199 
40,0 


30a and 30b. 


Ee 2090 Watts 


a, a. 
42 “45 
-48 ~43 
-50 -48 
=35 55 
=35 43 
~40 -39 
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r* 100 Watts 


a, d, 
-38 -40 
~39 -41 
~41 -48 
-38 =52 
-35 42 
-33 39 


ee 30 Watts 


os ds 
-36 41 
33 =45 
-33 ~47 
~34 ~45 
=33 ~43 
31 43 


a = 2:x 41imA 


Czs 


Typical results for r= 300 Watts and V3° 50 Volts. 


f( MHz 


1,6 
345 
7 

14 

20 

28 


Curves in Fig. 


1,6 
5.5 


14 
20 
28 


Curves 


Ty2 (A) eff(y) gain (dB) 


Ty (A) 
pire, D9 LD 
4,75 5,07 
4,97 SP, 
5,54 565 
5,82 6,16 
D920 6, 30 


31. 


Pos 300 Watts 


a, a, 4, 4, 
-31 “40  =33 -38 
~40 -40 =37 =38 
-43 -43 40 43 
~32 -42  =33 45 
36 -40 =35 ~41 
38 ~41 -=38 ~42 


5357 
60,9 
3994 
D252 
504 
5195 


ro” 200 Watts 


in Figs. 32a and 32b. - 
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15395 
16,25 
16,03 
15,50 
16,30 
16,985 


P= 100 Watts 


d 


VowR 


1,04 
4,02 
1,07 
1,03 
1,22 
1,55 


a ad 


Po= 30 Watts 


eee ie eee 
-31 ~36 30 -38 
=32 “37 8-28 — 58 
= 33 -41 =~28 -40 
~55 “45 30 -43 
=5) “41 30 ~43 
= 34 ~42  =30 ~41 
loss" 2 x 100mA 
icf SO 
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AMPLIFIER 2 WITH TYPICAL TRANSISTORS 


Typical results for re 300 Watts and V3" 50 Volts. 


f(MHz Ty 4 (4) Ip o(A) eff.(j2) gain (dB) VSWR 


1,6 4,65 2915 61,2 16,35 1,07 
99 4,65 5960 98 6 16,07 1,03 
7 4,80 510 60,6 15574 1,09 
14 5560 39 14 2299 15,00 1,08 
20 5305 6,00 50,6 15553 1,10 
28 5550 6, 30 50,8 15,78 1925 


Curves in Fig. 33 


i= 300 Watts Poe 200 Watts Po= 100 Watts Po™ 30 Watts 
d d d ad ad ad a a 


f£( MHz 4 5 3 2 ne eh eens) 
1,6 -33 -41 +33 -38 =32 -36 =30 —36 
395 -37 “42 =36 ~39 $33 -37 -30 -38 
7 -36 -53  =43 -47 =43 “42  =36 -41 
14 -32 “45 =33 -42 =36 ~ 41 38 -41 
20 -36 -40 =34 -38 =33 -37 32 -37 
28 -32 43 #35 -40 33 -39 = 33 -40 


Togg™ © x 140mA 


Curves in Figs. 34a and 34b. 
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Fige 29 


Fig. 30a 
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Fig. 31 


Fig. 32a 


Fig. 32b 
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COMPARISON OF FINAL RESULTS WITE COMPUTER CALCULATIONS BASED ON MOST 


RECENT PARAMETERS 


Although it has been shown from the measuring results with released 


transistors that they come up to the expectations, the computer 


calculations, according to the previous description have been repeated 


witn tne values of the final product. 


The table below gives the input data of the released type: 


The 


f 
(MHz 

1,6 

295 

395 

e, 

T 
10 
14 
20 
24 
28 


2 7OMEZ 

= 30 

= 0,10 Ohm 
= 0,11 Chm 
= 0,21 Ohm 
« 1, 7nH 

= 1InH 


= 1,5nH 


be 


cbi 


cbo 


ce 


next table snows the 


ty, 

) (Ohm) 
6,25 
6,25 
6.25 
6,25 
6,25 
6,24 
6,23 
6,20 
6,17 


6415 


“i 


(pF) 
~247,5 
=247,5 
-24755 
-247,6 
-247,6 
=247,57 
2248.0 
=248,4 
-248,8 
-249,3 


results on the equivalent circuit. 


2700pF 


44pF 


Ry 
(Ohm) 
6,15 
5932 
4,41 
3535 
2,46 
1,79 
1,40 
17 
1,10 
1,06 


431 


Ay 
(Ohm) 
-2,02 
=2,64 
2593 
089 
=2, poe. 
“1,97 
-1,42 
-0,89 
-0,64 
-0,44 


150 Watts 


0,7 V 


02:6 


10/¢ 


10'¢ 


82pF 


G 
(dB) 
29,00 
28,88 
28,69 
28,31 
27,68 
26,59 
25,06 
22595 
21,67 
20,54 


45,5 Volts 


olt 


hm 


Ohms 


Ohms 
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Calculation of the network components delivers the following values: 


Cy= 1118,2pF, Ly= 13,5nH,  R,= 3,38 Ohms 


Co= 3489,1PF, Ls= 21,4nH, it,~ 9,19 Ohms 


Now the same component values as in the prototype have been taken and 


the VSWR and gain versus frequency have been calculated. 


The table below gives the output data of the computer in short forn. 


f 


R. 


Xx 


is is VSWR gain 

(MHz) Ohm (Ohm) C=)" (db) 
1,6 2,76 e041 1,01 17575 
2,5 care 0,01 1,01 17,64 
565 es 18 0,01 1,00 Tig ye 
5 ey 79 0,00 1,01 17,39 
7 oy oe -0,02 1,92 17,32 
10 2,085 20,09 1,04 17,38 
14 2,80 -0,21 1,08 17,60 
20 2,56 -0,17 Vy 1 17,97 
24 2650 Oete 1,12 18,09 
28 2,76 0,60 1,24 18,00 


It may be concluded from above results (gain = 17,7 + 0,4aB, and 


VSWR ax.” 1,24) that the amplifier circuit with components from original 


calculations can be maintained without much influence on the final 


results. 
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A__1.0kW_ P.E.P. LINEAR POWER AMPLIFIER FROM F = 1.6MHz 


TO 30MHz USING BLX15 TRANSISTORS 


ABSTRACT 


A 1.OkW linear amplifier is described consisting of four wideband 
linear power amplifiers operating over the band f = 1.6MHz to f = 30MHz 
each with 2 BLX15 transistors in push-pull using a hybrid coupling system 
to provide 1-OkW p-e-p- output with intermodulation products better than 
-30dB when driven with a two-tone signal. 


A single amplifier provides 300 Watts p.e.p. with intermodulation 
products better than -26dB and the reduction to-1.O0kW from 1.2kW with 
four coupled amplifiers allows for the differences in performance of the 
individual amplifiers due to transistor spreads, component tolerances, 
insertion loss and variations of matching of the hybrid coupling system 


with frequency. 


The measurements show that, with the combination of four units 
each using BLX15 transistors from the same he, grouping, 1-OkW p.e.p. 
can be developed in a wideband load with the intermodulation products 


at -30dB together with an overdriving capability of 1.2kW peep. at -26dB. 
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A 1.0kW P.E.P. LINEAR POWER AMPLIFIER FROM F = 1.6MHz 


TO 30MHz USING BLX15 TRANSISTORS 


INTRODUCTION 


A linear power amplifier has been built consisting of four 300 Watt 
peeep- amplifiers that have been combined using a hybrid coupling system. 


Each unit is equipped with a pair of BLX15 transistors operating 
in push-pull, taken from the same h, 
that BLX15 transistors are supplied in seven he, groupings, A to G, 
covering the total range from 15 to 50 (in steps of 5). 


” selection group. It should be noted 


The measurements shown have been made with transistors from 


group D. 


CIRCUIT DESCRIPTION 


The circuit for the individual amplifiers is shown in Figure 1 and 
a components list is given in Figure 2. The amplifiers were constructed 
on 20z- double sided copper clad circuit board 191 x 135mm, 1.5mm 
thickness to the layout shown in Figure 3. Each amplifier was cooled 
using a copper block heatsink, which, in practice, can have fins for 


air cooling or be drilled for water cooling. 
Four amplifiers were constructed and the performance spreads of 


the individual amplifiers together with the performance of the four units 


coupled together using hybrid coupling units are shown as follows:- 
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Figure 4 
Figure 

Figures 6 and 7 
Figures 8 and 9 


Figures 10 and 11 


Shows the gain/frequency characteristic of 
the four individual amplifiers when driven to 
300 Watts peep. The variations of gain due 
to component and transistor spreads give a 
total gain variation between 14.5 and 18dB 
over the range f = 1.6MHz to f = 30MHz. 


Shows the gain characteristic of the four 
amplifiers combined using hybrid couplers in 
the input and output circuits to give 1.OkW 
ae The gain variation is between 14dB 
and 17.5dB over the range f = 1.6MHz to 

f = 40MHz. 


Show the total spread of intermodulation 
products (a, and a.) over the range 

f = 1.6MHz to f = 30MHz of the four amplifiers 
driven to 300 Watts peeep- each. The 
intermodulation product level of each 
amplifier is better than -26dB for d., and better 
than -36dB for a. 

Show the intermodulation product level of the 
complete system when driven to 1.OkW p.e-p. 
The lowest level for a. is -30dB and the 
lowest level for d.. is -38dB over the entire 
range f = 1.6MHz to f = 30MHz. 


Show the intermodulation product level of the 
complete system driven to 1.-2kW p-e.p. The 
lowest level of a. intermodulation products 


is -26dB and of. d. is -—39dB. 
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THE HYBRID COUPLING CIRCUITS 
Bete Input Hybrid (Shown in Photograph 1) 


3.1.1. The input hybrid coupler consists of four transmission line 
transformers wound on Mullard ferroxcube toroids type FX1588, each 


transformer using two stacked toroids. 


301-2. The input transformers is 4:1 impedance from 502 unbalanced input 
to 12.52 unbalanced output and is wound with two parallel 50Q cables 
(3mm ext diam) on the two stacked FX1588 toroids. 


301-3» The second transformer is wound with nine turns of two parallel 
502 cables (3mm ext. diam) with the connections arranged as a hybrid to 
give 12.52 to two 252 unbalanced in-phase outputs. 


3.1.4. The third and fourth transformers are identical and are wound 
with 10 turns of 502 co-axial cable (3mm ext. diam) with the connections 
arranged as a hybrid to give 252 to two 502 unbalanced in-phase outputs. 


3.1.5. Out of balance (or power dumping resistors) of 100Q2 are connected 
across. the two 502 output ports of each output transformer and a 50Q 
resistor is connected across the two 252 output ports of the intermediate 


hybrid transformer. 


Bede Although theoretical transmission line transformers operate over 

a very wide band, there are, in practice, inevitable discontinuities 
caused by stray capacitance, stray leakage inductances etc. due to the 
construction of such a system. Also the relatively large ballast resistors 
and their associated connecting leads which have stray inductances must 

be compensated by capacitors to obtain a near constant impedance 

throughout the band f = 1.6MHz to f = 30MHz. 
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It was found experimentally, using a Hewlett Packard vector 
impedance meter that satisfactory impedance compensation could be 
obtained by the use of three capacitors (120pF, 80pF, 80pF) connected 
between the 12.52 terminal and earth and each of the two 25Q impedance 
terminals to earth. The final result gave a maximum v.s.were of 1.331 
at the input port with all other ports terminated with 502 wideband loads. 
Figure 12 shows the block and circuit diagrams of the complete input 


hybrid; figure 13 shows measured results of v.s.w.r. throughout the 


band. 


3030 The rating of the hybrid resistors is sufficient for fail-safe 


operation of the system under the worst fault conditions for continuous 


Cewe operation without air cooling of the resistors. 
THE OUTPUT HYBRID (Shown in Photograph 2) 


41. The output hybrid consists of four transmission line transformers 
wound on Mullard ferroxcube toroids type FxX1588. A pair of the amplifiers 
is coupled through 502 ports to a common 252 port. (Similarly for the 
other pair of amplifiers). Each of these transformers is wound with six 
turns of 50Q2 P.T.F.E. dielectric co-axial cable (2.5mm ext. diam) on a 
stacked core of four FX1588 toroids, the connections arranged as a hybrid 
transformer from 50 plus 50 to 25Q. Out-of-balance (or power dumping 
resistors) of 1002 are connected across the two 502 ports of each hybrid 
transformer. 


4.2. A third hybrid transformer couples the two 252 outputs to combine 
the power from these two sources to 12.52 impedance. This transformer is 
wound with four turns of two 50Q P.T.F.E. dielectric co-axial cable 

(4.-Omm ext. diam) on a stack of nine FX1588 toroids, the connections 
being arranged as a hybrid transformer from 25 plus 252 to 12-52. An out- 
off-balance (or power dumping resistor) of 502 is connected across the two 
252 inputs. 
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4.3. The fourth transformer is a 1:4 impedance transformer which 
transforms the combined output at 12.52 impedance to the 502 load 
impedance. This transformer is wound with five turns of two parallel 50 
P.T.F.E. dielectric co-axial cables (4.0mm ext. diameter) on a stack of 
ten FX1588 toroids, the connections are arranged for a 1:4 impedance 


transformer (unbalanced). 


hea, To compensate the strays (leakage inductance and capacitance etc.) . 
it was found experimentally, using a vector impedance meter, that 
satisfactory compensation could be obtained using five capacitors connected 
at the points shown in the circuit of Figure 14. The final. result 

(Figure 15) shows a maximum v.s.wer. of 1.1631 on any input port with 

all other ports terminated with 502 wideband loads. 


45s The rating of the hybrid resistors is sufficient for short term 
fault conditions with two-tone signals without forced air cooling. With 
suitable air cooling continuous c.w. operation at the most severe fault 


condition (two units inoperative) is possible. 
PERFORMANCE OF THE 1kW AMPLIFIER 


The complete system was assembled as in the block diagram of 


Figure 16. 


The idling currents of the individual units were adjusted to 
24OmA total (2 x 120mA nominal) with the supply rail at 50 Volts. 


The performance of the complete 1kW unit when driven by a high 


quality drive source (intermodulation products better than -45dB, 


and very low harmonic content) was as follows: 


442 


6. 


MCO7404 -~6- 
Two-tone signals driving to 500 Watt mean power 
P.E.P. Ic, Ic. Ic, Ic), Ic, Ic¢ Ic, Icg Ic tot “ia ¥ot Na 

MHz w A A A A A A A A A W % 

1.6 1000 3.2 3.1 3.0 3.2 3.3 2.8 3.1 2.8 24.5 1223 40.1 

3205 1000 2.9 2.7 2.6 2-7 269 204 2.7 204 2123 1060 4? 

5-0 1000 2.9 2.6 2.5 266 2.9 2.5 2.6 2-4 21.0 1050 - 497.5 
7-0 1000 3.1 2.6 2.6 2.8 3.0 2.6 2.8 2.6 22.4 1108 45 
10 1000 3-2 2.8 2.8 2.8 3.2 2.8 3.0 2.8 23.2 1160 4s 
44 1000 3-5 3-2 3-2 3.2 3.2 3.0 3.0 3-0 25-3 1260. 40 
18 1000 3.6 363 3-2 3.2 3.4 3.1 3.0 3.2 26.0 1300 = 38.5 
20 1000 367 366 304 3.3 3.7 32 301 323 2763 1360 36.5 
ek 1000 3.6 4.1 4.1 3.1 4.2 3.3 3.3 3.6 29.4 1470 34 
28 1000 3.7 4.0 4.2 3.2 4.2 3.3 3.3 3-6 29.5 1495 3309 
30 1000-368 4.0 4.2 362 4.2 3.2 363 365 2962 1460 34.2 


NOTES ON THE MEASUREMENTS AND OPERATION OF THE ‘1kW AMPLIFIER 
6.16 Power Measurements 


The p.e-p- measurement has been derived from the mean power 
measurement using a 50dB wideband power attenuator and a Hewlett Packard 


calorimetric Wattmeter. 


The p-e.p- was assumed to be twice the mean value; because the 
harmonic output varies with frequency and is particularly troublesome 
around 10MHz to 14MHz (see Figure 17) the error in this assumption 
introducted by harmonics could contribute approximately 25 Watts of mean 
power in the load at certain frequencies. Thus the true p-e-p- would 
then only be 950 Watts at the worst part of the band. 
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6.2. C.C.I.-R. Recommendations 


C.C.I.-R. recommendations involve calorimetric c-ewe power 
measurements at half power followed by the application of two-tone signals 
of the same amplitude as the cw. signal. By observation of the two 
tone envelope on an oscilloscope the p.ee-p. can be calculated from the 
relative amplitude of the observed waveform. Experience has shown that 
this method is also suspect owing to the distortion of the envelope 
waveform caused by the phase relationships of the harmonics. Discrepancies 
of 25% could result. The C.C.I.R. recommendations however, do allow the 
use of a filter, if necessary, with the oscilloscope. The use of such 
filters corrects the peak to mean relationship of the observed waveform 


but, of course, the harmonic power is still part of the mean load power. 


6.3~ Adjustment of Idling Current 


The intermodulation distortion is affected by the idling current. 
The idling current was not critical for signals driving up to full 
pee-p-, but is somewhat critical for signals in the range -10dB to -20dB 
below maximum output. The idling current adjustment for optimum low 
level operation also varies with frequency and a resultant compromise 
was made at 240mA total for each amplifier. 


6.4. Simulated Failure Operation 


The amplifier has been run, and measurements made with as many 
as three of the amplifiers rendered inoperative. The hybrid coupling 
unit has performed satisfactorily with the exception that somewhat more 
power was measured in the load than is theoretically possible when one 
or two units were inoperative. This could be due to a reduced isolation 
between ports which was found, on measurement to deteriorate from 
-40dB at 3MHz to -20dB at 24MHz with the ports terminated by 502. 
Inoperative amplifiers would not terminate the hybrids correctly and 
will therefore, cause a further decrease of isolation and hence cause the 
operating amplifier or amplifiers to deliver more power to the load and 


less in the dumping resistors. 
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OPERATING TEMPERATURE 


The measurements on this amplifier have been made using a water 
cooled heatsink maintained at approximately 25°C. The ratings of the 
BLX15 allow operation up to 90°C heat sink temperature. However, at 
elevated temperatures, it has been established that there is an increase 
in intermodulation products at a given output level together with a 
reduction in the power gain. The following measurements were made on a 


Single 300 Watt amplifier using two BLX15 transitors. 


Tele Pload 300 Watts P.E.P. I.P.'s v. Heatsink Temperature 








es Heatsink temp. Heatsink temp. Heatsink temp. Heatsink temp. 
a= 25° 50°C 75°C 90°c 
I.P.'s a3 I.P.'s -d3 I.P.'s a3  <I.P.'s d3 
aB aB GB GB 
1 ° 6 34 ~34 ~33 -33 
5.0 -36 -35 ~34 -33 
10 -32 -41 ~2k ~28 
20 -30 -29 -28 ~27 
30 ~28 -27 -26 ~25 
Te2e Pload 300 Watts P.E.P. Power Gain v. Heatsink Temperature 
Gain at Gain at 
f Heatsink temp. Heatsink temp. 
MHz 25°C 90°C 
1.6 174aB 16.8dB 
5.0 17 .OdB 15.8aB 
10 15.6dB 14.2dB 
20 16-O0dB 15.8dB 
30 15.5dB 15.0daB 
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Tede Output Power at Constant I.P. level v. Heatsink Temperature 


f£ Heatsink temp. Heatsink temp. 
1.6 300 290 
220 300 275 
10 300 260 
20 300 250 
300 2 
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CONCLUSIONS 


Sets Four 300 Watt p.e.p- wideband amplifiers have been built and 
successfully combined using hybrid coupling units to provide 1kW p.e.p. 
from f = 1.6MHz to f = 30MHz with intermodulation products at ~30dB 

at the worst part of the band. 


8.2. Overdriving the amplifier to a power level of 1.2kW gives 


intermodulation products at -26dB at the worst frequencies. 


8.3. Although the output has been measured in a wideband load and 
therefore a small fraction of the measured power is provided by harmonics 
it would appear feasible to build a 1.OkW minimum output transmitter 

from four such 300 Watt BLX15 amplifiers. 


8.4. The 1kW amplifier has been measured at a heatsink temperature of 
approxinately 25°C. If operated at 90°C a deterioration of intermodulation 
products of 3dB must be expected. A power gain reduction of 1.5dB at 
mid-band would also occur. Alternatively a decrease of power output by 

1dB for the same intermodulation products as at 25°C must be expected 

at 90°C. 
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COMPONENTS LIST 


AMPLIFIER UNIT (Each Amplifier) 


Ro R, 


R, Re 


‘1 


2x 102 in parallel carbon + CR37 

3x10Q2 in parallel carbon + CR68 

2x 182 in parallel carbon +9 CR25 

3x 102 in parallel carbon +b CR37 

2x 4.7oF in parallel j polyeeres +10% 347 series 

pee a seat cause +1% 425 series 

2x 560pF in parallel polystyrene +1% 425 series 

100nF polyester +108 347 series 

3 x 1200pF polystyrene 425 series 

1pF moulded metallised polyester +10% 347 series — 
in parallel with 150pF tantalum 6V capacitor 421 series 

—82pFr ceramic, miniature plate 50@V d.c. 

3x 100nF polyester +10% 247 series 

3x 11nF ene +1% 125V 436 series 


2x 180pF in parallel ceramic plate 500V d.c. 436 series 


2x 22pF in parallel ceramic plate 5OOV doce 


See drawing, Figure 1 
Philips toroid core grade 4 C6 Code No. 4322-020-91020 


See drawing, Figure 1 


Part of Philips antenna rod grade 4-B+t Code No. 3422~—404=91250- 


| Ale 431{ t2o S390 
See drawing on Figure 1 


Philips toroid core grade 4 C6 Code No. 4322-020-91090 


FIGURE 2 
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L, L 0.5 turn of 1mm enam. Cu wire 
Dint 6mm with 2 x 6mm leads 


Li Ly, 0.5 turn of Imm enam. Cu wire 


Din 6mm with 2 x 7mm leads 


*Ch, Ch Ferroxcube choke grade 3B 
Philips Code No. 4312-020-36640 


*Ch Ch, Modified ferroxcube choke grade 3B 
(See drawing on Figure 1) 
Philips Code No. 4312-020~-36640 


*These components are not in Mullard range. 
Bias Unit (See Circuit on Figure 1) 


One bias unit is screwed to the side of each amplifier copper 
block and both transistors are isolated from the block by mica washers. 
A nylon screw and washer is used to isolate the BD433. One bias unit 
supplies the forward base bias for both transistors of each unit. 


The collector idling current is then adjusted by R.. 


2 
R, =z 2e2kQ carbon CR37 
R., = 4.72 3W pot wew. - 
R, = 6 x 4702 5 Watt wew. in parallel 
R,, =z 33Q carbon CR37 | 
C, = 100nF polyester 347 series 
CG, = 100nF polyester 347 series 
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Input Hybrid Coupler 


FX1588 § Ferroxcube toroids Mullard 

502 Electrosil resistor Type H35 30W 

1002 Electrosil resistor Type H33 15W 

Miniature 502 co-axial cable windings 

External diam. approx. 4mm from any suitable manufacturer 
82pFr tubular ceramic capacitors low k 


120pF tubular ceramic capacitors low k 


Output Hybrid Coupler 


27 
2 


FX1588 Ferroxcube toroids Mullard 

100Q Blectrosil resistors in parallel Type H37 
100Q Electrosil resistors Type H37 
50Q P.T.FoE. dielectric insulated co-axial cable 


approx. 4mm ext. diam. from any suitable manufacturer 


33pF Ceramic block capacitors | A.T.C. 
68pF Ceramic block capacitors A.T.C. 
120pF Ceramic block capacitors A.T.G. 


451 


cen ene rate an a 0" gemma eae ate ee teeta e tee ttt ene 


MU (+0 we ee hei ttc a ae La eee 








130 | 30 
Leta 


SECTION A.A. 


COPPER BLOCK FOR WATER COOLING'OR BOLTED TO ALUMINIUM 
FINNED EXTRUSION FOR FORCED AIR _ COOLING. 


, FIG. 3. 
is ° v8 ry ao Ger tee ge oe ee ae : 
While avery cere has bose taken in tho eromiecius of Os iefenecion am respeeeiiity ls ecourmn) for eny 
CMM SY OF iis wes, vy bacaces bo Wore. y ge 450 ted AQ Gua Dus. 
no LRA J " Bs MS y uP ae 3 ee, : 
Racker. Cantera Bic cvnasens Eeberotany RMiatesoema. 


Log 2 Cycles x mm, 5 and 1 cm 


Graph Data Ref. 5521 
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summary A description is given of a push-pull cascode 


- Eindhoven 


class-A amplifier containing 2 pieces BLW60 and 
2 pieces ON495. It is able to produce an output 
power of 50W P.E.P. in the frequency band of 1.6 
to 28MHz. : 


All intermodulation and harmonic products are 
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below -40dB. The amplifier has a power gain of 
18.07 + 0.23dB, whilst the input V.S.W.R. is 
1.24 max. The required supply voltage is 44V and 
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a. Abstract: 





asset For S.S.B. transmitters in the frequency range 
Baia 

of 1.6 to 28MHz frequency multiplex operation 
A. is a desirable feature. This implies that the 


intermodulation distortion and harmonic level 
of the power amplifier should be -40dB or better. 


The pushepull cascode amplifier described in this 
report meets this target for an output power of 
50W P.E.P. It contains 2 transistors type BLW60 
and 2 transistors type ON495 (585BLY). 


The low harmonic level in the upper part of 


the frequency band has been obtained with an 
additional low-pass filter cae = 29MHz) at the 
| output of the amplifier. 


- The Netherlands 


Parasitic oscillation of the commonebase section 


has effectively been suppressed by application 


- Eindhoven 


of a highepass filter section between the collece- 
tors of the ON495's. 


At the input of the amplifier a correction network 
has been used that reduces the input Y.5S.W.R. to 
below 1.24. In addition it equalizes the power 
gain to 18.07 + 0.23dB. 


past, nor disclosed to third parties without the writlen consent of 
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The required supply voltage is 44V and the current 


consumption appr. 6A. 


The circuit diagram is depicted in fig. A, 

whilst fig. B shows the power gain, input V.S.W.R. 
and I.M. distortion versus frequency. Suppression 
of the 2nd and 3rd harmonic versus frequency can 


be found in Fig. C. 
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1, Intreduction 
To apply multi-channel communication with S.S.B. 


transmitters it is required to have a wideband 


PHILIPS 


power amplifier of which all intermodulation and 
harmonic distortion products are suppressed by 
at least 40OdB. 


Existing class-AB amplifiers typically have an 

I.M. distortion of ~-30dB and a third harmonic 
suppression of only 15dB. Moving to class<-A 
operation will reduce the I.M. distortion to <40dB, 
however the harmonic suppression is still not 
better than appr. 25d3B, 


This report describes a broadband cascode push-pull 


The Netherlands 


amplifier that meets the above mentioned require- 
ments. “he cascode consists of 2 grounded emitter 
BLW60's driving 2 grounded base ON495's (585BLY) 
which deliver 50W P.E.P. with a gain of 18dB over 
the band 1.6 to 28MHz. The supply voltage is 

4k Volts. 


- Eindboven - 














Ze Design considerations 
The main causes of distortion in linear amplifiers 


part, nor disciosed to third parties without the written consent of 
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are: 


ae variations of f, versus collector current and 


voltage and 


be. variation of collector capacitance versus 


collector voltage. 


In class-A common emitter amplifiers point b. 


gives the highest contribution to non-linearity 





v3 in the upper part of the frequency band. This is 
255 because the R.F. current through the collector 
9) 
Sak capacitance is the larger part of the input current. 
2Se 
Woe 
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In a cascode circuit the situation is quite 
different as the common emitter stage is loaded 


with the very low input impedance of the common 


PHILIPS 


a NR SS A A 


base stage. This causes a reduction of the 
current through the collector capacitance by 


appr. a factor 10, 


In the common base section the influence of the 
collector capacitance is. also small, but for 
another reason. Here it is in parallel with the 
load where its reactance is high compared with 


the load resistance. 


These are the reasons why the cascode circuit has 


been succesfully applied in CATVeamplifiers. 


The Netherlands 


Product Division Electronic Components and Materials 


The transistors are connected in series for )D.°., 


with a V,, of *4V or the BLW60, 28V for the ON495 


and about 2V for the emitter resistor of the BIW60, 


-- Eindhoven 


so a D.C. supply voltage of about 44V is needed, 
The D.C. SOAR of both BLW60 and ON495 allow a 
collector current of 3A at a heatsink temperature 
of 70°C, 
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The first set-up was a single-ended amplifier 
with two transistors in cascode, to get an idea of 


the possiblities with this type of circuit. 


The target for this amplifier was an output power 
of 20W P.E.P., with harmonic and intermodulation | 
levels below -40dB. The experiences obtained with 
this single amplifier were used in the cascode 


push-pull amplifier. 


To get a better harmonic suppression in the upper 


2s part of the band a Chebyshev low-pass filter with 
Cc. ( 
Eee a cut-off frequency of 29MHz has been applied at 
=aeE 
SExy the output of the amplifier. 
u on 
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Circuit description 


3.1 Basic circuit 


PHILIPS 





R, = 50 ohm 
: 
2 
3 
: Figure 1 


With the aid of the formules and rules mentioned 
in ©.4.B. report ECO 7201 ; the currents, voltages 
and components of the cascode push-pull amplifier 
can be calculated. 


Fig. 2 shows a simplified H.F. circuit of the 


ihe contents of this repoft are not lo be reproduced. in whole or in 


part, nor disclosed to thifd partes without the written consent of 
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froduct Division Electronic Components and Muatertals 


single amplifier. 


ues| Electronic 
components 
and materials 
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Figure 2 
Tene can be calculated from the relation 


/ = 
fp/f = Tey/Tene 
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As the h,, of the ON495 is 50, I,, = 3,06A. 


| Further the f,, of the BLW60 is 600MHz, so: 


: 28 
lope = 205 ° 3006 = 0,143A at f = 28MHz. 


Che of the BLW60 is 83pF at V, = 14V. The A.C. 


voltage across Che consists of: the voltage across 
R, (2V), the woos of both transistors (0,06V) and 
the voltage drop across R. of the BLW60 plus R, 


of the ON495 (0,6V). 
In addition to this there is some voltage drop 


- 
oes across the parasitic inductances in the circuit, 
=—- OY 
658 so the total A.C. voltage has been estimated at 3V. 
SEp 
— OC 
Ww og 
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By this voltage excitation the effective capacitance 
of Cy, will increase by appr. 5%, so it becomes 
R8pF. Now the R.F. current at 28MHz can be 


PHILIPS 


calculated: 


‘ 6 


12 


=V wc. = 27 28.10 . 88.10 = 0,O46A. 


Che b be 36 
The total] "imaginary" input current is: 
lene + Tepe = 0,143 + 0,046 = 0,189A. 

The total “real" current must be at least 1.5 times 
this figure to obtain good wideband properties. 

The input voltage is equal to the voltage drop 
across R, (2V) plus the V of the BLW60 (0,03V), 
so va = 2509V< 

If we choose an input resistance of 6.25 ohm, 


be 


The Netherlands 


the input current becomes: 
I; = 2,03/6,25 = 0,325A. 
which is sufficient from the bandwidth point of 


- Eindhoven 


view. Part of this current is consumed by R 
IRbe = TT. 4/Mpr = 3,06/50 = 0,061A, 

so the current through Roe must be: 

TRoe = 0,325 - 0,061 = 0,264A, 5 


BE° 


The voltage across this resistor is: 
VRpe = lee + vy = 28 + 2,03 ~ 30V, 

= 2) = , ° 
sO Rye 30/0, 264 114 ohms 
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Now R. can also be calculated. As VRe = 2V and 
the emitter current of the BLW60 is 

3,906 + 0,06 = 3,12A: R. = 2/3,12 = 0,641 ohm, 
The internal R, of the BLW60 is 0,088 ohm, so 
the external resistance must be 0,641 = 0,088 = 
0,553 ohm. 










The R.F. current delivered to the load is: 


I, = Too - TRoe = 3 = 0,264 = 2,74A. 
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From this the maximum output power and optimum 


load resistance can be calculated: 
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Pi "e2 : to = BBE = 38,4W and 
R= Vio/T, = 28/2,74 = 10.2 ohms. 
The drive power is: 

V3. ie oe 
Pay ee | 5 A. 249 : 0,325 . 0,33. 


So the power gain is: 


8,4 
= a) = aoe = e e 
. 19 log PTY ae 10 log 0,33 20.7dB 


The Nethedands 


















Based on the calculations of the previous section 
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a transformer should be needed for matching a 
50 ohms source to 2x6,25 ohms. As a first experi- 
ment this has been done. However both power gain 
and input impedance were higher than expected in 
the upper part of the frequency range. To make 


corrections possible resistors of 6 ohms have 
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been connected in series with the bases of the 
BLW60's and so the matching has been made from 

50 ohms to 2x12.25 ohms. These corrections will be 
discussed ina later section. The input transformer 
is of the conventional type. 

Because a good explanation of calculations on 
transformers is given in the C.A.B. reports 

ECO 6907 * and ECO 7213 2, a description has been 
omitted in this report. 
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aa Tee 2OUEpuL transformer 





In this case a load impedance of 2x10.2 ohms has. 


to be matched to 50 ohms. This transformer is 
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also of the conventional type and the method of 


calculation can again be found in Ref. 2 and 3. 


3-4 The_centre tapped choke 
For a description one is referred to C.A.B. report 
ECO 7114 4 ® 
In this amplifier the centre tapped choke is 
adapted to the optimum load resistance of appre 


1% ohm per transistor. 


Netherlands 


m2, Compensation ef tbe cepyput cireust 


The total collector load of the ON4&95's is formed 


The 


Product Division Eleclronic Components and Materials 


| by the circuit shown in Figure 3 in which C, is 


- Eindhoven 


the transistor output capacitance and C a dec. 


i. amounts 


blocking capacitor. The value of Lop = Lp 


to appr. 8 /uH. 
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Figure 3 
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3.6 The bias circuit 


The bases of the BLW6C'ts and the ON495's are biased 


with two small stabilizers (see Figure 16), The 
base of the BLW60 needs a voltage of appr. 2.7 Volt 


PHILIPS 


(= v,) because the voltage drop across R, is 
2 Volt and Vi,, ~ 9.7V. 


e1 
The base of the ON495 is biased at 16.7V (=v): 
Vbeo ~ O87V and Vi, = Vio, + Vee, = 14 + 2 = 16. 


The current to the base of each transistor is 


A 


ed = + = 60mA typ., so the total current per 
E 


supply is typ. 120mA,. 
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347 The high-pass filter 


For a better harmonic suppression a low-pass 
Chebyhev filter is used at the output. This filter 


- Eindhoven 


has the disadvantage of increasing the load 
impedance outside the band, by which the amplifier 
starts oscillating. 
A solution was found by connecting a simple highe 
pass filter between the collectors of the ON495's, 
which takes over the load from the Chebyshev filter 
above about 4OMHz. See also Figure 4. 
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The capacitor C, of this network also functions 


as a primary dcr compensation of the output 
transformer. 

The secondary compensation capacitor has been left | 
out because of better I.M. results at 28MHz. 

Due to the presence of the high-pass section, the 


lowepass filter has to be of the L-input type. 
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high pass section 
C 
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Figure 4 


3.8 Correction of the input section 


The first measurements on the pushepull amplifier 


without resistors in series with the bases of 
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the BLW60's showed higher power gain and input 
impedance in the upper part of the frequency 

band than expected. In addition the input impedance 
was inductive rather than capacitive. As this 
impedance can be approximated by: 


Ze Rac 


E 
L 





i Z 


its behaviour can be understood because: 


a. the emitter resistors have series inductance 


and 


b. the collector load impedance has a capacitive 
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component (high-pass section) which can not be 


neglected. 
The solution to this problem was found by: 


&e. application of resistors in series with the 
bases of the BLW60's, 


modifying the input transformer accordingly and 


IP 


fe adding 2 RC series combinations, one across 
the secondary of the input transformer and the 
other between the bases of the BLW60's, 


Without further H.F. compensation on the primary 
side of the input transformer a sufficiently flat 
power gain versus frequency combined with a low 


input V.5.W.R. were obtained in this way. 


The practical amplifier 
Figure 9 shows the circuit diagram of the amplifier. 


The components were mounted on a double clad 
P.C, board of epoxy-glass with dimensions 


ee 


215x120x1.6mm? . 


The interconnections and construction can be seen 
in Figures 17, 18 and 19 where the lower sheet 
functions as a ground plane. Connections of some 
upper parts with the ground plane were made with 
2mm tubular rivets being soldered to the tracks 


to be sure of contact. 


The transistors were water-cooled and provided with 


thermally conducting paste. 







To avoid that H.F. power will penetrate into the 
bias supplies both are decoupled. The one for the 
BLW60's with 100nF's, the other for the ON495's 


with an RC combination of 10 ohm in series with 






the parllel connection of 2x 47OpF. 


q 
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The components of the bias network are mounted 


on a single clad PC board of epoxy-glass with 


7 (see Figures 11 and 15). 


dimensions 80x40x1.6mm 
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Measurements 


General 





The measurements were done under nominal conditions 
which implies: 
Battery voltage V, = U4 Volt 


Load and source impedance R = 50 ohm 


iF 


Ambient temperature T = 25° a 
amb 


A single and a push-pull amplifier have been made 
for respectively 20W and 50W output power. 


The Netheclands 


From both the measuring results will be given. 


- Eindhoven 
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Intermodulation distortion 


vt 
e 
» 


The I.MD. versus frequency is measured with a 
two-tone signal (p, q). For the test set-up see 
Figure 5. 

Table la+b presents the measuring results of the 


single and the push-pull amplifier. 
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Results of the single amplifier with P. = 20W P.E.P 


f (MHz) d. d a d,(-d8) 





Table la 
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Results of the pushepull version with oe = 50W P.f.F. 
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Table 1b 


™) Means less than <-60dB, 


Fig. 7 shows d, (worst component) versus frequency 


3 


for the push-pull version, 
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Double tone test set up 


Py» Py ete 
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pity SUG leo tone measurements 


With a single tone the Pye 


V.5eW.R. and harmonic content have been measured, - 





power gain, input 







Table 2a gives the results of the single amplifier 
for Py = 20W, whilst table 2b gives the results 

of the push-pull amplifier for PS = 50W, 

Harmonic 

2nd 3rd (-dB) 













(w) 


Gain (dB) 









59 
O41 16.88 1.09 51 52 
0.41 16.88 1.13 43 50 
62 
70 
0.47 16,29 1.17 56 - 











am ) 
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Table 2a 


55 







0.78 18.07 1.08 50 51 
0.77 18.12 ict S41 43 
0.82 17685 1.05 58 57 






60 
64 
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*™) Means less than -70dB - 






The test set-up is given in Figure 6, whilst 





Figure 7 shows the V.S.W.R. and gain versus 






frequency for the push-pull amplifier. 






Figure 8 gives the harmonic content versus 






frequency also for the push-pull version. 
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Low pass Chebyshev filter with L-input and C-output 
(Z, = 50 Ohm) 
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ar 40 
ERge (dimensions in mm} Figuur 10° 
6353 
po8é 
The filter is built in a box from single clad 
| P.C. board and divided in three sections (L,, 
L., and Ly) by pieces of double clad board, 
soldered between the walls. 
The maximum input V.S.W.R. is 1.22 and the power 
loss at 28MHz iS 367%. 
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a) PTFE fort on the outside 
T1 
: figure 14 


‘i? 


figure 12 
ny: 20 turns of 0.6mm n,: 16 Curns of 2x0,dmm 
Cnam Cu wire : enam Cu wine 
nz: 14 lurns | 
n,:toturns 


| 


PTFE fort “with adhesive copper Foal : 


44mm wide 2mm wide Y ANS 
Ormm thickness thickness appr ee ~s/ ‘\ 


ee = 





r 


DI FE foil *? 
&mm wick 
0.7 mm Ehickness 


Core: Fxe foroid, grade 406 
yx Qxs5 mms 
cocte number : 
4322 020 9/020 


Te: Part of anlenna rod : 43/1 020 55450 adhesive copper fos! 


, yimm wide | 
Ce 
+ ™ Fxc lorcid, grace 406 


ano: 6 turns of 2x 2.7 mm : 
Pee €nam Cu vv vound on a ee 23x 14X79 mm3 
Fxce nod, grade 4A | code number : 
| 322 020 9/970 


Dimensions (Dx l): 10X50 mm" 


Fig 13 
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2322 


2322 
2322 


2322 


2322 
2322 
2322 
2322 
2322 
2322 
2322 
2322 
2322 
2322 
2322 


Etae 
Reee 
e2an 
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2222 
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aRar 
e202 
S2ne 


den 4 


212 
am 4 


214 
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212 
192 
330 
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io 
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212 
410 
212 
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342 
342 
427 
342 


426 
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342 
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13159 


13129 
13129 


13338 


13569 
13109 
31509 
22101 
13222 
05002 
13182 
22121 
13332 
05002 
13221 


41501 
45473 
45104 
42401 
45104 


44601 
41501 
45104 
45103 


R, = 15 ohm CR37 style 
| Ro_3 = 2x12 ohm in parallel 
CR37 style 
Ry = 12 ohm CR37 style 
Re 6 = 6x3,3 ohm in parallel 
CR68 style 
Rog = 2x56 ohm in series 
CR68 style 
s ( Ry = 10 ohm CR37 style 
as. Rio = 15 ohm PR52 style 
ee Ry, = 100 ohm WRO617E 
ae Rin = 2-2Kohm | CR37 style 
ie Ry = 220 ohm potmeter miniature 
a: Ri, = 1.8Kohm CR37 style 
2826 Ry, = 120 ohm WRO617E 
ae Rig = 3.3Kohm CR37 style 
atF Rio = 220 ohm potmeter miniature 
ae Rig = 220 ohm CR37 style 
_ Capacitors 
Cc, = 150pF "micropoco” polystyr. 
Co3 = 47nF "flat film" polyester 
Cy, = 100nF "flat film" polyester 
Ce = 2hOpF “micropoco" polystyr. 
Ce_9 = 100nF "flat film" polyester 
Cp = 2x470nF in par. "micropoco”" 
polystyr. 
. C9107 150pF "micropoco" polystyr. 
28 C4 40107 100nF "flat film" polyester 
Ae Cin 4y? 10nF “flat film" polyester 7 
Sex Cas = Ha? 7aF electrolytic aluminium 2222 015 15478 
i OW 
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150pF "“micropoco" polystyr., 2222 427 41501 
in parallel with 12pF ceramic 2222 650 10129 
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Cia = 180pF "micropoco" polystyr. 2222 427 41801 
in parallel with 8.2pF ceramic 2222 650 09828 


















Cig = 100pF "“micropoco" polystyr. 2222 427 41007 
Inductors 
L, = 4OnH, 3 turns of 0.6mm enam Cu wire 
internal diameter 4.3mm, length 1.8mm 
Ly = 247nH, 5 turns of 1.9mm enam Cu wire, 
ate internal diameter limm, length 10mm, 
oe wound on hard-epaper tube. 
Bey, 
nese L. = 472nH, 7 turns of 1.Omm enam Cu wire, 
$252 internal diameter 12mm, length 12mm, 
235° wound on hardepaper tube. 
oF. 
sige Ly, = 4O6nH, 7 turns of 1.0mm enam Cu wire, 
2 afo 
ee: internal diameter 11mm, length 13m, 
eae wound on hard-paper tube. 
EB Re , 
3835 7 
g28¢ Fy n2-32h = Ferroxcube wide-band HF. ehoke 
gfe y grade 3B 4312 020 36640 
faze 


Tr, 2 BLW60 
Tr, b ON495 (585BLY) 
TYs 6 BD 135 
D, BZX79C15 
D534 BY 206 
Transformers 
os T, see Figure 12 
5 Gk 
E23 see Figure 13 
Le i i. ; 
SEs TS see Figure 14 
— Oc . 
i O 
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ABSTRACT 


This report shows that a widebend power amplifier moduie 
providing up to 400 watts p.e.p. from 1.6MHz to 3O0MHz can be made using 


two BLW96 transistors, 


ee 





Operating from a 50 volt supply rail the intermodulation 
distortion at 400 watts p.e.p. cover the band is better than -26d3 when 






loaded with a 502 wideband load. 







The gain of the module is between 13.5dB and 16dB over the 


band and the input v.a.w.r. is better than 1.5:1 over the band. 






For applications below 400 watts, e.g. 200W or 300W, improved 






intermodulation performance is obtainable. 
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A SINGLE STAGE WIDEBAND (1.6MHZ TO 3OMHZ) 
LINEAR AMPLIFIER FOR 400 WATTS P.E.P. 


USING BLW96 TRANSISTORS 
INTRODUCTION 


The design of this amplifier was to exploit the performance of 
the BLW96 in a wideband circuit to provide up to 400 watts p.e.p. from 
1.6MHz to 30MHz. 


CIRCUIT DESCRIPTION 


Fig. 1 shows the circuit diagram. 
Fig. 2 shows the circuit board layout. 


Fig. 3 & 4 show the component layout. 


It will be noted that baluns are used in input and output circuits. This 
improves the balance of collector currents over the frequency range, 


offsetting any capacitive unbalance in the impedance matching transformers. 


Cross neutralisation has been found to be detrimental with these 
devices, the practical application of neutralisation results in excessive 
phase changes and results in higher level of intermodulation distortion 


over parts of the band. 


The input matching network was computer designed as described 
in previous reports (1,2). The network is primarily intended to 
provide a constant overall gain with frequency and reasonably constant 


load impedance to a driver circuit. 


In practice a capacitive centre tap (C Ce) at the secondary 


4’ 


of the input impedance matching transformer T, is desirable, which is 


1 
earthed via a 2.22 resistor. 
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It is preferable in realising C Ce, to employ three capacitors 


’ 
of 470pF, 470pF and 390pF in parallel ie both, leaving the centre 
connection such that alternative connections of Ry can be selected, as 
shown in Fig. 1. This technique allows the best compromise to be found 
for the intermodulation distortion peaks which typically occur between 
14 and 20MHz, and which can be undesirably high at spot frequencies. 

A separate, temperature compensated, bias control circuit is necessary to 
give adjustable constant class AB bias condition in the BLW96 transistors. 


The bias circuit diagram is shown in Fig. 1. 


DESIGN DETAILS 


To obtain the best performance from the amplifier over the 
complete range 1.6MHz to 30MHz, the quality of the matching transformers 
used is very important as accurate impedance transformation and low losses 
are essential. Low losses can be achieved by using toroids of 4C6 
material. To obtain accurate matching it is essential to make transformers 
with very low leakage reactance at 30MHz combined with sufficient primary 


inductance at 1.6MHz (3,4). 


K el The Output Transformer 


The load impedance required by the transistors is 9.6%, collector 
to collector. A transformer is required to match to the 502 load. To 
handle the expected power of 400 watts the transformer must be wound 
using 2 4C6 cores each of 36 x 23 x 15mm. The best results were obtained 
using two separate transformers, each on one core, and connecting primary 
and secondary windings in parallel to give an acceptable value of leakage 


reactance at 30MHz. 
The complete transformer, wound as detailed in the parts list 


had a secondary reactance (502 winding) of 2002 at 1.6MHz (20uH) and a 
leakage reactance of 502 at F = 3OMHz (265nH). 


502 
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3.2 The Input Transformer 


The design impedance of the gain correction network is 5.55, so 


a transformer is required to match the input network to a 502 drive source. 


The required drive input power assuming a minimum gain of 13dB is 
about 20 watts which requires two 4C6 toroids 14 x 9 x Smm. Again, the 
best results were obtained by the parallel connection of two transformers 


each using a separate core. 


The complete transformer, wound as detailed in the parts list had 
& primary reactance (502 winding) of 2202 at 1.6MHz (22uH) and a leakage 
reactance of 50Q at 30MHz (265nH). 


3.3 The Bias Unit 


The circuit uses a 8D433 as the temperature sensor and a BD203 
emitter foliower. The unit can supply a maximum bias current of 800mA, 
dependent on the value of resistor in the collector of the BD203. The 
bias unit should be thermally connected to the amplifier by mounting on 
the heatsink close to the BLW96's. The collector load resistor (three 
17 watt wire wound resistors in parallel) can be mounted separately on 


stand off insulators at any convenient part of the heatsink. 


3.4. The Centre Tapped Choke 


The collector d.c. supply to each BLW96 is fed via a centre tapped 
coil arrangement which consists of a ferrite aerial rod (4A10 grade or 
equivalent) and has a inductance of 4.6\yH which forms part of the total 


collector load. 
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PERFORMANCE OF THE AMPLIFIER 


4.1 General 


The measured performance of the amplifier i.e. intermodulation 
distortion, gain and input v.s.w.r. ig given in graphical form in 
Figs. 5 to 8. A water cooled heatsink was used for all measurements, 
and a wideband 502 load was used in conjunction with a thermal 
power measurement system. The p.e.p. was assumed to be 2 x the r.m.s. 


power indicated, ignoring the harmonic content of the output signal. 


4,2 Harmonic Output 


The amplifier was driven with c.w. signals at specific 
frequencies to 400W, 300W and 200W. The driving signal had a harmonic 
content lower than -45dB. Harmonic component measurements are shown 


below in Table 1. 
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TABLE 1 


HARMONIC OUTPUT V. 


Load Test 
Power Frequency 
W MHz f, tf, ty f. 
400 1.6 ~31 ~20 ~37 -34 
3.5 -36 -21 -45 -34 
fi -38 -17 -47 -29 
10 -45 -15 -45 -29 
14 -39 -16 -45 -46 
20 -48 ~24 -50 ~44 
28 -44 ~41 

300 1.6 -31 -21 ~39 ~33 
5 ~36 ~23 ~45 ~32 
7 -40 ~22 ~52 -30 
10 ~48 -16 ~45 -29 
14 ~42 -18 -48 -47 
20 -42 -25 -50 -46 

28 -45 -42 
200 1.6 -32 -22 -40 ~33 
~35 -24 ~-46 -33 
¢ -40 -23 ~62 -30 
10 -50 ~19 ~45 -30 
14 -44 -19 ~47 ~47 
20 -38 -27 -49 -47 

28 ~44 -42 
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FREQUENCY 


dB 


Harmonic Content 


ty tho 
-46 ~-52 
-49 47 
~64 
-46 -52 
-52  -49 
~64 
-47  -55 
-53 -50 
64 
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4.3 Collector Efficiency 


The collector efficiency varies over the band, and as the output 
matching was designed for 400 watts, reduced efficiency is apparent 


at reduced levels of output. Typical efficiencies are:- 


(a) Two Tone Signals Between 1.6MHz and 30MHz 


P.E.P. Best Collector Worst Collector 
load Efficiency Efficiency 
W % % 
400 50 Stat 
300 44 i 


Taking the worst case and assuming equal sharing and zero 


circuit losses each transistor would dissipate 170 watts. 


(b) C.W. Signals Between 1.6MHz and 30MHz 


P Best Collector Worst Collector 


load Efficiency Efficiency 
W % % 
400 65.5 47.5 


Taking the worst case and assuming equal sharing and zero circuit 


losses each transistor would dissipate 220 watts. 


The published r.f. thermal resistance of the BLW96 is 0.65 K/W 
(junction-heatsink) and the maximum permissible junction temperature is 200°C. 
Therefore the maximum possible heatsink temperature for continuous 


C.W. operation is 200 - (220 x 0.65) = 57°C. 
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5. BIAS ADJUSTMENT 


The zero signal collector currents should be adjusted by the bias 


potentiometer to 2 x 100mA when operating from a 50 volt supply. 
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CONCLUSIONS 


6,1 A single stage amplifier using 2 x BLW96's in class AB can 
deliver up to 400 watss p.e.p. with intermodulation distortion better 
than ~26dB over the band 1.6MHz to 30MHz. 


6.2 Measurements indicate that when used under C.W. conditions at the 


frequencies where the maximum collector dissipations occurs, the devices 


Should be capable of operation with heatsink temperatures up to 57°C, 
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la 
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Figs. la, 1b 


Transistors and Resistors 


TR. TR BLW96 
i 2 

TR, BD433 

TR, BD203 

2.22 CR 37 +59, 
180 PR 37 +5% 


2 x 122 PR 37 +5% 
2 x 182 PR 37 +5% 


LK52 PR 37 +5% 
3 x 1802 EH 15 +5% 
3.32 ajustable TPW22 


222 CR 37 +£5% 


Capacitors 


4's 


6’ °7 


we) 


10nF polyester +20% 
60pF trimmer 


330pF polystyrene +1% 
300pF " t1% 


2 x 470pF polystyrene 
1 x 390pF polystyrene 


2 x 1000pF polystyrene +1% 


1 x 820pF polystyrene 


X 


£1% 
+1% 


£1% 


3 x 100nF polyester +20%, 
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le, ld 


in parallel 


in parallel 


in parallel 


in parallel 


in parallel 


in parallel 


Philips Code No. 


2322 
2322 


2322 
2322 


2322 
2306 
2322 


2322 


2222 
2222 


2222 
2222 


2222 
2222 


2222 
2222 


2222 


191 


191 
191 


191 


330 


011 


212 


342 


809 


426 
426 


426 


426 


426 
426 


342 


13228 
31809 


31209 
31509 


31502 
03181 
02338 


13229 


44103 
08003 


43301 
43001 


44701 
43901 


44102 


48201 


44104 


secondary windings. 


Each transformer wound on 4C6 toroids 14 x 9 x 15mm. 


Code No. 


4322 020 91020. 


511 


4312 020 


2222 
2222 


2222 


2222 


2222 


2222 


2222 


2222 


2222 


31500 


4312 020 31500 


650 
650 


342 


342 


650 


344 


016 


342 


016 


34479 
34569 


44103 
44104 
34339 


21335 


2221 
44104 


4221 
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Cone = 2x 47pF ceramic 12%, 
2. ae in parallel 
2x S5S6pF ceramic +2% 
Ci C19 = 5 x 10nF polyester +£20% in parallel 
Cig 14 = 3x 100nF polyester +20% in parallel 
Cis = 33pF ceramic +2% 
-_ + of 
Cig 17 3.3uF +10% 
Cig 7 
18°°19 = 220uF 4V electrolytic 
= + oF 
C491 Soy 100nF polyester +20% 
Coo = 220uF 1LOV electrolytic 
le Induetors 
3 
Lib, = 12.9nH consists of 4 turn of 1.3mm 
cu wire Smm diameter 
Lil, 21nH consists of 1 turn of 1.3mm 
cu wire 7.5mm diameter 
Ch, ,Ch, = 2.5 turns through 6 hole ferrite bead 
grade 3B Code No. 
Ch,,Ch, = 3 parallel turns through 6 hole bead 
grade 3B Code No. 
1d Transformers 
Ty = Two transformers with parallel connected primary and - 
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Primary winding consists of 10 turns of copper tape 


approximately 1.5mm. wide. 


Secondary winding consists of 30 turns of 0.45mm,. chain 


enamelled cu. wire. 


Windings separated by a layer of p.t.f.e. tape approximately 
.O25mm. thick. 


4 turns of 2 x 1.0mm. enamelled cu. wire twisted, 
on a 50mm. length of 4A10 or equivalent grade aerial 
rod 10mm. diameter. Code No. 4311 620 55390. 


Two transformers with parallel connected primary and 


secondary windings. 


Each transformer wound on 4C6 toroids 36 x 23 x 15mm, 


Code No, 4322 020 91090. 


Primary winding consists of 6 turns copper tape 8.0mm. wide. 
Secondary winding consists of 14 turns of 4 x 0.5mm. 


diameter Cu. wire in parallel. 


Windings separated by a layer of p.t.f.e. approximately 
.O25mm. thick. 


11 turns of 50Q co-axial cable approximately 3mm. 
external diameter with p.t.f.e. dielectric and 11 turns 
of 0.5mm. enamelled cu. wire wound on 4C6 toroid 


23 x 14 x 7mm. Code No. 4322 020 91070. 


8 turns of 508 co-axial cable approximately 4mm. external 
diameter with p.t.f.e. dielectric and 8 turns of Imm. 
enamelled cu. wire wound on 2 4C6 toroids 36 x 23 x 15mm. 


Code No. 4322 020 91090. 
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A_ SINGLE STAGE WIDEBAND (1.6 TO 30MHZ) LINEAR 


AMPLIFIER FOR 25 WATTS P-E-P USING BLWSOF 


TRANSISTORS IN CLASS A 


INTRODUCTION 


This amplifier was developed to drive a 400 watt linear amplifier 
Using BLW96 transistors in class AB and to provide data for future 
development of a two stage amplifier for the same power with both driver 


and p.a. stages working from a nominal 50 volt supply. 


The driver amplifier described herein was designed to give 
25 watts p-e-p into a 502 load sufficient to drive the amplifier previously 
reported’), Class A operation is necessary because the required 
intermodulation distortion of the driver circuit alone should be 
substantially less than that of the p.a., the driver circuit distortion 
being somewhat degraded when working into the non-linear input impedance 
of the p.a. A target figure of intermodulation products <-40dB over the 


frequency band 1.6 to XMHs was therefore required. 


As with the BLW96 p.a., 502 input and output impedances were 
aseumed initially, but direct inter-stage impedance matching is used in 
the two stage amplifier which will be reported subsequently. 


GENERAL CIRCUIT DESCRIPTION 


The circuit diagram of the amplifier is given in Figure 1, and 
foliows conventional class A push-pull linear h.f. amplifier design 


practice. 


Some shunt and series feedback is applied: the shunt feedback 


resistors are also used to determine bias conditions. 
The design and construction of the broadband input and output 


impedance matching transformers is critical in overall amplifier 


performance. 
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Details of these and other construction features are given below. 


DESIGN AND CONSTRUCTION 


3.1 Bias Condition 


The design calculations for this amplifier in general repeat a 


method previously reported by KSppen'”? 


In the design of linear class A amplifiers, in order to arrive at 
the best intermodulation performance, a suitable starting point is to 
assume maximum bias current and voltage permitted by the maximum anticipated 


heatsink temperature. 


In this design, therefore, a practical maximum operating heatsink 
temperature of 70°C was assumed. At this heatsink temperature, the 
practical bias conditions for the BLWSOF of Vor = 44V, 1, = 1A are 
permissible. 


(1) 


It may be noted that the BLW96 amplifier shows a worst case 
gain of about 13.5dB and a worst case v.s.w.r. of about 1.45 (these two 
conditions do not occur at the same frequency however). But, 

conservatively, we may say that a suitable driver should be capable of 


about 18.7 watts in a 502 load. 


In addition, if this power (18.7 watts) is to be available at 
intermodulation products d3, d5, <-40dB, experience has shown that the 
maximum available power from the amplifier (class A) into a linear 
resistive load should approach 35 watts, at which power intermodulation 


products will of course exceed ~40dB. 
Further, with the circuit configuration chosen (Figure 1), it 


will be seen that appreciable power is dissipated in the shunt feedback 


resistors. 
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We expect about 15% of the available power will be so dissipated; 
therefore the maximum available power requirements becomes about 
40 watts from the transistors. 


The projected initial bias conditions, = 44V, I. = 1A 


Yor C 
correspond to a collector dissipation of 44 watts per transistor. Under 
Class operation the maximum output power would then be 22 watts per 


transistor, 44 watts total. 


There is therefore some margin compared with the estimated 
capability requirement of 35 watts and this is reasonable, in part 
because some further degradation of intermodulation performance may be 
expected when directly driving into the somewhat non-linear input 
impedance of the p.a., instead of the linear, non reactive design 
load (502). 


Having chosen V = 44V a further voltage drop of 2V may be 


CE 
assumed across the external emitter resistor for bias stabilisation. 


3.32 Components and Layout 


Figures 2 and 3 give details of the circuit board and component 
layout. The parts list in the Appendix includes details of wound 


components including the two wideband matching transformers. 


A suitable heatsink must be provided, sufficient to limit the 
junction temperature to <200°C under d.c. (bias) conditions. 


The total current required at 46VY is about 2.25A, which includes 


base bias current flowing in the feedback resistors. 


The total dissipation of the BLW50F transistors is, however 
approximately 44 x 2 = 88 watts. 


The feedback resistors and external emitter resistors together 


dissipate a further 14 watts approximately. 
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If these resistors are mounted so that they do not contribute 
to the heatsink surface temperature close to the transistors, then the 


required heatsink thermal resistance, 4 Jamel which determines a heatsink 


h 
temperature of 70°C in a 25°C laboratory ambient, for example is given by:- 


6 £ 70-25 
; h-amb rT) 





i.e. <0.51°C/W 


To obtain the best compromise between input v.s.w.r. and gain, 


particularly between 26 to 30MHz, C, is made adjustable; this accommodates 


2 
the inevitable spread of leakage reactance of the input transformer T,- 
Similarly, allowing for leakage reactance spreads in T,, C, is 


2’ “3 
also made adjustable. 


AMPLIFIER PERFORMANCE 


Figures 4 and 5 show the measured amplifier performance. 
Figure 4 shows 3rd and Sth order intermodulation products 
relative to the amplitude of each tone (12.5 watts) under standard 2 tone 


drive conditions. 


Figure 5 shows amplifier gain and input v.s.w.r. under single 
tone drive at P © 25 watts. 
load 


It is noted that d. is substantially <-40dB over the frequency 


3 
range of interest; the minimum gain and worst case v.s.w.r. are 15.7dB, 


1.36 respectively, both occurring at the lower frequencies. 
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5. CONCLUSIONS 


A wideband linear h.f. amplifier has been designed and 
constructed, using BLWSOF transistors in class A which can give up to 
25 watts p~e-p over the band 1.6 to 30MHz with 3rd and 5th order 
intermodulation better than -40dB between 2 and 28MHz. 


Amplifier gain and input v.s.w.r. sre better than 15.7dB and 
1.4:1 respectively over the frequency range. ‘The amplifier should 
be suitable to drive a further linear amplifier using BLW96's in 
Class AB to 400W p-e-p. 
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APPENDIX 

PARTS LIST 

RESISTORS 
R,> R, = 2x2002 +54 in series §§§ Philips type 
R) Ry w= $x12Q +5% in parallel ” ? 
R. = 6.82 +5% " 
Re = 222 +5% 
R, = 18Q +3 uf i" 
R, = 3R3Q adjustable 

CAPACITORS 
C, C, 10nF +20% polyester Philips type 
Co. C, 60pF trimmers um " 
C. 22nF +20% polyester " " 
Ce: C, 2x47nF +20% polyester mn ” 


TRANSFORMERS 


Ty, =z 1:1.5 turns ratio. 


Wound on twin hole bead Philips grade 4Bl 


Code No. 4312 020 31525 


PRS2 
CR25 
CR25 
CR37 
CR25 


TPW22 


352 
809 
382 


352 


2322 
2322 
2322 
2322 
2322 


2322 


2222 
2222 
2222 


2222 


Primary 4 turns of 2x.45mm. enamelled Cu. wire in parallel, 


tapped at centre and 2 x 1 turn from centre. 


931 


192 


211 


211 


211 


211 


352 


809 


352 


352 


32001 


13129 


13688 


13229 


13159 


44103 


08003 


44223 


44473 
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tT. = 1:1.4 turns ratio. 
Wound on a Philips 4C6 toroid 23x14x7ma. 


Code No. 4322 020 91070 


Primary 22 turns of 2x.45mm. enamelled Cu. wire 


centre tapped. 


Secondary 16 turns of copper tape approx. 1.5mm. wide. 


Primary wound on top of secondary winding and insulated by 


p.t.f.e. tape approximately .025mm. thick. 


CH, 2.5 turns on 6 hole bead grade 3B 


Code No. 4312 020 31500 
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MCO8004 


A TWO STAGE WIDEBAND H.F. UINEAR AMPLIFIER 


| SR a RR A SS FESR, aN LP EO 


FOR 400 WATTS ?.5.P 


USING BLW96 AND BLWSGF TRANSISTORS 


INTRODUCTION 


(1) that two BLYW96 transistors in a wideband 


It has been shown 
class AB push-pull amplifier can give 400 watts p.e.p. under two-tone 
drive with intermodulation products <-26dB in the band 1.6 - 30MEz. 

Also a suitable drive amplifier has been described <2) using two 
BLWSOF transistors in class A at the same supply voltage (S50V nominal). 
The intermodulation performance of the drive amplifier is <-40dB into a 


§0 ohm load. 


The two amplifiers have been combined using direct inter-stage 
impedance transformation and the overall design is described in this 


report. 


CIRCUIT DESCRIPTION 


The circuit diagram of the complete amplifier is shown in 
Figure 1. 


Design practice for the individual BLW96 and BLWSOF push-pull 


linear amplifiers has been closely followed. The differences are :- 


(1) Direct impedance matching between the driver stage output 


(100 ohms) and the p.a. input (5.5 ohms). 
Cit) Replacement of adjustable capacitors by fixed values, hecause 


it is considered impractical to have the complication of 


adjustments in a two stage circuit. 
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The fixed capacitors are chosen to compensate for leakage 
reactance of critical transformers towards the higher frequency 


limit of the band, assuming good winding and mounting technique. 


(iii) Omission of the balun and adjustable centre tap arrangement in 
the p.a. input circuits, which are unnecessary with balance 


provided by a push-pull driver. 


CONSTRUCTIONAL DETAILS 


Figures 2 and 3 show the printed circuit board and component lay- 


out. 


Figure 4 shows the general arrangement of a water cooled copper 
heat sink on the underside of which the temperature compensated p.a. bias 


unit is mounted. 
The parts list (Appendix) includes winding instructions and 


inductors and transformers. 


AMPLIFIER PERFORMANCE 


The separate performance of the basic driver and p.a. circuits 


with 50 ohm terminations are summarised below, We have :- 
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Bias 
Driver Pay 
Vor 44y 50V 
Ia 2x iA 2x 100mA 


(zero signal) 





1.6 ~ 3OMHz 
> 25W 400W 
Gain 
(mid band) 15. 8dB 13.44B 
(min, max) 15.7dB, 16.448 13.4dB, 15.8aB 


Input v.s.w.r. 


(mid band) ooo fa ee a 

(max) | | 1.36:1 1.45:1 
Two Tone; : 
1.6 - 30MHz 

P, (p.e.p.) 25W 400W 

Efficiency 37.¢% (min) 


3rd order intermodulation 


(mid band) ~46dB -28dB 
(max) -39dB -27dB 
4.1. Gain, V¥V.S.W.R. And Intermodulation 


rn 


The overall performance of the two stage amplifier is shown in 


Figures 5 - 9. 


544 


MCO8CO4 ~ 4 - 


Figure 5 shows gain and input v.sS.w.r. under single tone drive with 
SOV supply and Pad = 400 watts. Minimum gain and v.s.w.r. are seen to 
be 25dB and 2:1 respectively. Figures 6 - 8 show 3rd and 5th order inter- 
modulation under two tone drive conditions with 50 volt supply and F ead 
200, 300, 400 watts p.e.p. 


It is seen that at 400 watts p.e-.p., d. < -26daB and at 3590 watts 


iw 
d, 30dB. 


In addition, figure 3 shows intermodulation performance at 


300 watts p.e.p., but with 45V supply. It is seen that qd, is still < -30dB. 


4.2.3 Sarmonic Content 


The amplifier was driven to 400 watts c.w. and the amplitude of the 


harmonics measured relative to the funcamental signal in the wideband load. 


f £ fy ty fs Di f f fy t50 
1.6 -46 -19 -56 -34 -48 ~48 -50 -45 -59 
3.5 ~45 -19 -50 -33 -58 ~44 -56 ~45 ~60 
7 -~54 ~18 -50 ~29 -48 -40 
10 -~48 -17 -45 -32 -595 ~50 
14 ~-43 -~16 -50 -44 - - 

20 ~34 -25 ~ ~ ES 2 
28 ~40 -45 - ~ é 2 
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A wideband linear h.f. amplifier has been designed using BLW96 


output and BLWSOF driver transistors. 


The overall amplifier gain is in the range 25-29dB over the band 


1.6 to 30MHz and the input v.s.w.r. is < 2:1. 


When operated at 400 watts p.e.p. (two-tone) intermodulation 


products are < -25dB. 


intermodu*ation product. < -30dB may be obtained at 300 watts 


p.e.p. even with the supply rail reduced to 45 volts. 
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PARTS LIST 


Resistors 
Code No. 

R R, = ox 120s 6% in Philips type CR25, 2322 211 13129 
parallel 

Re R, = 2x 2002 + 5% in . a PRS2Z2, 2322 192 32001 
series 

Re = 152 + 5% " u CR25, 2322 211 13159 

are Rog = 3.32 adjustable os . TPW22, 2322 O11 02338 

QD = 2 + or rt ? 232; 2 

R, Ri Ros 2 3% CR25 22 B11. 22229 

Re = 6.85: + 5% ie _ CR25, 2322 211 12688 

Ry = 1.88 2 10%" . . AC10O, 2322 329 10188 

= ob 9% a : P 2322 Zosc 

Roo Roa 18 3% R37, 2322 21 1209 

= G + 5%] " "  - PR3BY, 2322 212 

Roo Ris 2. ee! 5% - R37, 2322 212 31209 

2x 152 + 5%/ parallel PR37, 2322 212 31509 
3 

Rig = 1.5kf + 5% ce - PR37, 2322 212 31502 

Ro = 3 x 1802 + 5% in " " EH15, 2322 330 03181 
parallel | 

Rio _ = 22%) + 5% = ss CR37, 2322 212 13229 
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Capacitors 


1 


p il 


12 


14 


OQ 


16 


2) 


23 


13 


15 


17 


20 


22 


CO4 


10nF + 20% polyester. 
39pF = 2% ceramic. 

27pF = 2% ceramic. 
680pF + 2% polystyrene. 
z2nF + 20% polyester. 


2 x 474F = 20% in 


parallel polyester. 


2x 470pF + 2%! in 

i 300pR Se eee 
polyest 

2° LOQ0pr = 27%: in 

ee eSene a Ga tee 

. “ polyest 

LOOnF + 20% polyester 

2x 47pF + 2%/ in 

2x S6pF + 2% / Rareliel 
J ceramic 


ao x LOnF + 20% in 


parallel polyester. 


o * J0Onk = 20%. in 


parailel polyester. 
60pF trimmer 

3.3uF + 10% polyester. 
220uF 4V electrolytic 


220uF 10V electrolytic 
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352, 


Code No, 


2222 
2222 


2222 


2222 


2222 
2222 


2222 


2222 


22a2 


2222 


352 


632 


632 


426 
426 


426 
426 


352 


632 
632 


352 


44103 
10399 
10279 
6801 


44223 


44104 


34479 
34569 


44103 


54104 


08003 
21335 
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Inductors 

Ch, CH CH. 2.5 turns through 6 hole ferrite bead grade 33 
code no. 4312 020 31590. 

Ch, Ch, 3 parallel loops through 5S hole ferrite bead grade 33 
code no. 4312 020 31500. 

Ly L, 13 .9nH - see diagram on Pi gUte es 

ae er 21inH. - see diagram on Figure l. 

Transformers 

T, 1:1.5 turns ratio. 


Wound on twin hole tead Philips grade +B1l. Code no. 4312 020 31525. 
Primary: 4 turns of 2 x .4imm enamelled Cu wire in parallel. 


Secondary: 6 turns of 2 x .45mm enamelled Cu wire in parallel 


tapped at centre and at 2 x 1 turns from centre. 


1 Ej 


1.6MHz = (secondary o/c) 





4160. 
j25. 


Typical primary reactance at f 


3OMHz (secondary s/c) 


Typical leakage reactance at f 


950 


MCO8004 


to 


- 10 - 


4.5:1 turns ratio. 


Consists of two transformers with primary and secondary windings 
connected in parallel, each wound on twin hole bead Philips 


grade 4B1, code no. 4312 020 31500. 
Primary winding 9 turns 0.45mm enamelled Cu wire centre tapped. 


Secondary 2 turns of 2 x 0.45mm enamelled Cu wire in parallel. 
Typical primary reactance of combination at 


f = 1.6MHz (secondary o/c) = j400. 


Typical leakage reactance of combination at 


Ff = 3OMHz (secondary s/c) = j90. 


The centre tapped choke 


Wound on a 50mm length of 4A10 aerial rod (or equivalent), 


code no. 4311 020 55390. 
4 turns of twisted enamelled Cu wire 1.0mn. 


Typical total reactance at f = 1.6MHz = j40. 


2.33:1 turns ratio. 


Consists of two transformers with primary windings and secondary 
windings connected in parallel, each wound on 4C6 toroids 


36 x 23 x 15mm, code no. 4322 020 91090. 
Primary winding 6 turns of Cu tape 8mm wide. 


Secondary winding 14 turns of 4 x 0.5mm enamelled Cu wire in 


parallel. Windings are separated by p.t.f.e. tape approximately 


0.25mm thick. 


Typical primary reactance of combination at 


f = 1.6MHz (primary o/c) = j200. 


Typical leakage reactance of combination at 


f = 30MHz (primary s/c) = js50. 
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TT. Sutput balun transformer 


Wound on two 4C6 toroids 36 x 23 x Lomm, code no. 4322 C2¢ 91090, 
with & turns of 50 obm coaxiai cable having p.t.f.e. insulation and 
approximately 4mm external ciameter and 8 turns of Imm enamelled 


cu wire for the balancing winding - see diagram. 
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DESIGN OF A 1kW GENERATOR FOR INDUSTRIAL 





HEATING APPLICATION 





ABSTRACT 






In this report a description is given of a simplified amplifier 






module with 2 transistors BLW 96 producing a maximum output 






power of 400 W at 13.56 MHz and 27.12 MHz. 






The maximum supply voltage is 50 Volt. 






In addition some system aspects are being considered, e.g. 


combination to higher power levels, line-ups for drivers 











and power control to obtain fail-safe operation during load 





mismatch. 
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DESIGN OF A 1KW GENERATOR FOR INDUSTRIAL HEATING APPLICATION 


ln LLNERODUCT ION 


PHILIPS 


The transistor BLW 96 has primarily been designed for application 
in HF-SSB transmitters in the frequency range 1.5-30MHz. 

At a supply voltage of 50V the device is able to produce an 
output power of 200W. 

In application report MCO 8002 (Ref.1) a wideband amplifier has 
been described for the frequency range 1.5-30MHz. 

It contains 2 transistors BLW 96 onerating in class-AB and its 
maximum output power is 400W. 

For industrial heating purposes this amplifier is unnecessarily 
complicated because no linearity requirements exist and operation 
is only required at either 13.56 MHz or 27.12 MHz. 


It is the main intention of this report to indicate the possible 


- The Netherlands 


Simplifications of the above mentioned amplifier. 


Eindhoven 


Additionally some other points will be considered like combination 
to higher power levels, line-ups for drivers and power control 


for obtaining fail-safe operation during load mismatch. 


2. SYSTEM CONSIDERATIONS 


Most questions on industrial heating applications range from a 


The contents of this report are not to be reproduced, in whole or in 
part, nor disclosed to third parties without the written consent of: 


N.V. Philips’ Gloeilampentabrieken - 
Product Division Electronic Components and Materials. 


few hundred Watts to some Kilowatts. 

Fig.1 shows an example of a line-up for an output power of appr. 
1 KW. 

The final stage consists of 4 modules each with 2 transistors 
BLW 96, operating in class-8. This module will be described 

in more detail in the next section. . 

The combination of the modules can be done with hybrid couplers 
as described in report MCO 7404 (Ref.2) and COM 74133 (Ref.3). 


The output impedance of the combined power amplifier is 50 ohms. 


as It is followed by a directional coupler needed for control of the 
2 SS, output power and a tuning unit for matching the 50 ohms 
5 ae outout impedance of the power amplifier to the actual load 
3 & impedance. | here ee 
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The maximum output power of the combination is appr. 1300W at a 


supply voltage of 50V. This power level can be maintained up toa 


load VSWR of 2. 


PHILIPS 


At 27.12 MHz the combined output stage requires a drive of appr. 
7OW which can be delivered by an amplifier containing 2 transistors 
BLW 50F and operating in class-B push-pull from the same supply 
voltage as the final stage. The pre-driver and X-tal controlled 
oscillator need a lower supply voltage, e.g. 13V. 

At 13.56 MHz the output stage requires a lower drive power, i.e. 
apors,2OW. Thais can Lor instance be achieved by a reduction of the 
supply voltage of the pre-driver and X-tal oscillator stages. 
Alternatively an attenuator can be connected between the pre-driver 


and driver stages. 


The best way to cope with this phenomenon is a simultaneous 


- The Netherlands 


reduction of the supply voltages of final stage and driver. 


This action must start at a load VSWR of 2. A suitable end point is 


- Eindhoven 


Product Division Electronic Components and Materials. 


a supply voltage of 40V at a load VSWR of 50. The forward output 
power has then be reduced to appr.800W. A very effective method of 
protection has been described by Mr.K.Ruf (see Ref.4). He uses 

a dual directional coup ber and Airs comtroel 


oe 


system is arranged in such a way that the sum of the forward 


The contents of this report are not to be reproduced, in whole or in 
part, nor disclosed to third parties without the written consent of: 


NV. Philips’ Gloeilampenfabrieken 


An important point to be considered is that of heavy load mismatch. 

and reflected voltage is kept constant. Consequently the forward 

output power at severe load mismatch will be reduced to one fourth 
of the original value, i.e. to appr. 300W. The required supply 


voltage reduction is then appr. 50%. 


3. FINAL STAGE AMPLIFIER MODULE 
Compared with the SSB amplifier module as described in Ref.1 the 
following simplifications can be made: 
A. A class-AB bias unit is not required. 


B. In the output network the collector choke and coupling 


” 
nO 
ofS5 capacitors can be omitted. 
cee 
o SE C. In the input network a number of components required for obtaining 
oe 
®6e a flat power gain can be omitted. . oa fA 
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The final result is shown in Fig.2 and the parts list. 

For the construction of the impedance transformers one is 
referred to report ECO 7308 (Ref.5). 

The maximum output power per module is 400W at a supply voltage 


of 50V. The required drive power is appr.15W at 27.12 MHz. 


REP ERENCES 
J.Ling, "A Single stage wideband (1.6MHz to 30MHz) 
Linear Amplifier for 400W P.E.P. Using BLW 96 


Transistors, Application report MCO 8002. 


J.Ling, "A 1.OKW P.E.P. Linear Power Amplifier from f=1.6MHz 


to 30MHz USing BLX 15 Transistors", Application report MCO 7404. 


J.Ling,"Alternative Combining Unit for 1KW Wideband Amplifier 


Using BLX 15 Transistors", Technical Note COM 74133 oe 


K.Ruf,'""Leistungsregelung und Leistungsbilanz Transistorisierter 


Sendeverstdrker", Nachrichten Elektronik 12,1979,pp 400-402. 
M.J.K6ppen,"A single Stage Wideband (1.6-28MHz) Linear Power 


Amplifier for 300W P.E.P. Using 2x BLX 15, Application report 
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PARTS. Iskot 





Q1=Q2= BLW 96 


R1l=R2= Parallel connection of 5 resistors of 2.2. ohms, PR 37 type. 


PHILIPS 


Cl= 270pF, ceramic 500V. 

C2= parallel connection of 2x680pF and 820pF, polystyrene type. 
C3=C4= parellel connection of 150pF and 120pF,ceramic 500V. 

C5= 100nF, polyester. 


C6=parallel connection of 2xK22pF and 27pF, ceramic 500V. 


Li=L2= 14.3nH;0.5 turn of 1 mm copper wire ,D,_,=6 mm, leads 2x7 mm. 
L3= Fxc chokegrade 3B, cat.nr.4312 020 31500, wound with 6 wires in 


parallel. 


- The Netherlands 


Ti= 1:3 transformer on Fxc toroid grade 4c6, 
3 
dimensions 14x9x5mm ,cat.nr.4322 020 91020 
primary: 21 turns of 0.5mm enamelled copper wire 


secondary: 7 turns of 75 um copper foil width= 3 mm 


dimensions PORES ae cat.nr.4322 020 91090 


primary: 6 turns of 75 um copper foil, width = 10mm 


The contents of this report are not to be reproduced, in whole or in 
part, nor disclosed to third parties without the written consent of: 
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secondary: 12 turns of 2x0.7mm enamelled copper wire. 


T2= 2:1 transformer on Fxc toroid grade 4c6, 


and materials 
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A WIDEBAND LINEAR POWER AMPLIFIER (1.6-28MHz) 





FOR 300W PEP WITH 2 MOS TRANSISTORS BLF177 





SUMMARY 






This report gives a description of a wideband push-pull 






amplifier for the frequency range 1.6-28MHz. 


The amplifier has been designed around 2 MOS transistors 











BLF177 which operate in class-AB at Vp gt o0V and 








I,,20.5A/transistor. 








DQ 


The main properties at = 300W are: 






Powergain :22-23dB 






Efficiency :52.5-612% 






Return losses input 2€-15.5dB 







2nd harmonics 2:<-25dB 











3rd harmonics :¢-16dB 











=300W PEP 1<-33dB 





IMD at P 
re) 
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INTRODUCTION 


The BLF177 is an RF Power MOS transistor for the HF and 
VHF range in a 4 leads flange S0T121 encapsulation. For 
the frequency range 1.6-28MHz a wideband push-pull power 
amplifier has been developed with 2xBLF177 having an 
output power of 300W PEP at an intermodulation distortion 
level below -30dB. 

The transistors operate in class-AB at Vogt o0V and a 
quiescent current of 0.5A each. 


DESIGN OF THE AMPLIFIER 


2.1. General 
The schematic set-up is given in Fig.l. 


50.2. RF input «50.0 
matching 


ate 
gain equa- 
lization 





Fig. 1 Schematic set-up 2x BLF177 amplifier. 


The two balance to unbalance transformers are applied 
to split the single ended input into 2 out of phase 
driving ports and to add the 2 out of phase output 
ports into one single ended output. The transformers 
have an impedance transformation ratio of 4:1 and 
match the low-ohmic in-and output impedance of the 
transistors to the 502 system impedance. At the input 
a special circuit takes care of a good input matching 
and a flat powergain over the whole bandwith. 


Leds OUTPUT Cle cure 
2i2<l« bead impedance 


The output impedance of each transistor can be 
represented as a combination of the output 
capacitance C and the optimum load resis- 
tance. Because of the larger drain voltage 
Swing the effective output capacitance Co is 
appr. 15% higher than the value of Cees So 
C =#1.15*1902220pF. The optimum load resistance 


for class-AB can be determined with formula: 


2 
Ry =(0.85*Vp.) ERENE Vs 


af2 
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For V,.=50V and P_ =150W we get RL 62. To keep 
the transformer simple a transformation ratio 
of 4 or 9 is preferable. A ratio of 4 gives a 
load impedance of 50/4#12.52 7% 6.252 for each 
transistor. This is very near to the optimum 
load resistance. 


Output transformer 


The output transformer has to transform the 
502 asymmetrical impedance to the 2x6.25=#12.52 
Symmetrical load impedance. The reactance (wL) 
of the shunting inductance at 1.6MHz has been 
chosen at 4 times 50222002. So the inductance 
is 20uH. The transformer has been wound on a 
ferrite toroid of 4C6 material. Dimensions: 
36x23x15mm (Dxdxh) which gives a volume 
(A.1)=8.97E-6m 

Because the power handling of one toroid is 
critical two transformers in parallel with an 
inductance of 40uH each have been chosen. 


Nec TSORC(L-1L)/ (uu A)) 


N ecm SOR (40E-6%9. 2E-2)/(4mE-7*120*97. 6E-6)) 
=15.8 turns. 
So n__=8 turns and n =16 turns. 

pr sec 
For each transformer V depends on the power 

max 

over 100Q. | 
VinaxToOR(2.P-R, )=SQR(2*150*100)=173.2V. 


B a depends on the parallel loss resistance 
at t.6MHz; for a power loss of 1%: 
B =1.3E-2T. , 
The volume A.1 needed per core is: 


2 
A.1=(V_/ (Bo) )° (We HD /L- 


a 
A. 1=(173.2/(20*1.6E+6*0.013))°(4nE-7*120)/ 


40E-6=6.62E-6m>. 

Bagh of the toroids has a volume of 8.97E- 
6m Fig.2 on page 16 shows one of the two 
parallel connected output transformers. On 
each toroid the primary winding has 8 turns of 
copperfoil (width 5mm and thickness 0.05mm). 
The secondary winding has 16 turns of 2 
enamelled copper wires (0.6mm) in parallel. 
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So each primary turn has been covered with 2 
secondary turns which means 4 wires of 0.6mm. 
Both windings are isolated with PTFE-foil 
(thickness O.1mm). To reduce the stray- 
inductance the transformer has been wound as 
follows: 
a) The primary has been wound evenly around 
the periphery of the toroid. 
b) With the secondary the same has been done 
with the first 8 turns; the second part of 
8 turns has been wound in between the 
first part. So the secondary has been 
wound twice around the core. 
The measured secondary inductance of each 
transformer is 38yH and L =300nH. 
With the aid of a network analyser the 
parallel combination of these 2 transformers 
has been corrected. For the higher frequencies 
at the low-ohmic side a parallel capacitor of 
240pF and for the lower frequencies at the 
high-ohmic side a series capacitor of 10nF 
give return losses below -21dB over the whole 
frequency range (see Fig.3). 


8 16 
1OnF 2902 
5A | 
| | _— 
240pF \ 
5 


Fig.3 Output transformer with correction. 


Replacing the transistors by resistors of 
6.252 the return losses can be measured at the 
502 side. Fig.4 on page 17 gives the return 
losses of the parallel combination of the two 
transformers before and after the correction. 
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The tapped choke 


The chokes in the_drain circuits are wound 
around a common ferrite rod of 4Bl material. 
Dimensions: 50x1l0mm (l1xd). Fig.5 gives a 
schematic electrical circuit of the output. 


Drain 1 
"se 
RL 
246 


Drain 2 


Fig.5 Output with the tapped choke. 


Between both drains the impedance for the even 
harmonics depends on the coupling factor 
between both windings. If. the coupling factor 
amounts to 1 both drains will be short 
circuited for the even harmonics. 

Because the voltage over one winding is equal 
to half of the voltage between both drains, 
the total inductance between both drains is 4 
times the inductance of one winding. 

The reactance of the shunting~ inductance at 
1.6MHz has been chosen at 4 times 12.5502. 
So the inductance between both drains is 5pH, 
this means for one winding an inductance of 
1.25uH. According to the Philips Data Handbook 
"Components and Materials", C5,1986,page 320 
the effective permeability of a rod with 

1/d=5 and ¥=250 is appr. 20. 

The number of turns can be calculated with: 


n=SQR(L.1/(y-u-A))- 


n=SOR(1.25E-6*50E-3/(4nE-7*20*kn(10E-3)7)=5.6 
turns. In practice 6 twisted turns of the 
primary and secondary windings have been wound 
around the rod. Fig.6 on page 16 shows the 
tapped choke. To increase the coupling factor 
each winding consists of 2 enamelled copper 
wires (0.8mm) in parallel. The measured 
inductance is 1.275pH. 
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Tuning of the output circuit 


For an optimum alignment of the output circuit 
the 2 transistors have been replaced by 
dummies consisting of the parallel connection 
of a resistance and a capacitance. The 
resistance is equal to the optimum load 
resistance and the capacitance to the output 
capacitance (see section 2.2.1.). | 

Tuning of the output circuit has been carried 
out by measuring the return losses at the 
output with a network analyser under svwept 
conditions (see Fig./7). 


— 


y 
- 10nF 
100nF 
3x100n 50 


| 
I or 
| I 






So 

3 
ie 
| 


Fig./7 Output circuit before tuning. 


The measured return losses should be as low as 
possible by changing the correction 
capacitors. Fig.8 on page 17 shows the return 
losses of the output before and after tuning. 
For optimum results the capacitance across the 
primary winding of the output transformer has 
been reduced from 240pF to 150pF and the low 
frequency correction capacitor of 10nF at the 
output has been changed to an inductance of 
100nH. The last change can be explaned as 
follows: : 

a) The low frequency compensation is taken 
over by the coupling capacitors between 
the drain choke and the impedance transfor- 
mer. 

b) The function of the transformer is not only 
impedance matching but also transfer from 
balanced to unbalanced. The latter makes 
that the interwinding capacitance has more 
influence. This is so much that a series 
inductance at the output is needed for high 
frequency compensation. 
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oD ew Leput eircuit 


2.3.1. Input impedance = 


The input impedance and gain of the transistor 
can be determined with the aid of a computer 
model of the BLF177. Fig.9 shows the calcula- 
ted gain and impedances for the frequency 
range 1.6-28MHz. 


Gf = 6.368 S$ 3; Rg = .G7G Ohm; Rs = .87G Ohm 
Cg = 447.0 pFs Cgod= 18.56 pF 3 Cad = 168.6 pF 
Lg = 1.606 nH; Ls = .72@ nH} Ld = 1.306 mH 
Rd =,27G Ghms Ce = 3.66 pF 
Fl =157,.6G Ws Vd = 46.60 Vo: Ras= 1.GGE+12 Chm 
Lad=  @.@ nH; Cn = 6.0 pF 3 Fh = g - 
Bg = -.46 dE3 Rgod= 1.@6E+12 Ohm 


bo ae re YVds= 56 ¥V Po= 156 W Class-AFE 


f * G + Inp. Imp. * Load Imp. 


MHz #* dk #+# Chin + Chim 
1.6 * $4.76 € 2.29 ~- 3135.58. % 6.25 + 3 “Or 
ea Se SGaee SZ feo, oe Seeo +. 3 lz 
Sit w Ae SO & 2.29 — 9 j 61.09 = S&.2o + J 16 
~.G * 44.96 * 2.29 - j 42.78 + G.22 + j eo 
(40% BLES <2 9 cm 2. Sh, Secs 6,21 ¢ 93 ‘se 
16.6 * 38.78 * 2.29 - j 21.45 # 6. 1s * 3 46 
iq.G 2 SS,8S @ Zeer i Pais? = 6.13 * j 64 
26.0 * $2.75 * 2.29 - j 10.84 *& S835 + 3 29 
2400. = Saale ek Bare oe ae ee SS 1.&5 
cee Oe 23.03 %- gees -=:2). Feta oA” 5 | are 


Fig.9 Calculated gain impedances of the 
BLF1/77. 


By adding a gate-source resistor of 6.252 the 
power gain reduces from 29.8 to 23.3 dB at 
28MHz. 


5/77 
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Input matching circuit 


As mentioned in section 2.1. a special circuit 
matches the input impedance of each transistor 
to the 6.252 of the input transformer. The 
matching network chosen can be treated as the 
half of a double n-section as described in 
Ref.2. Removing the in-and output capacitance 
the circuit changes in a T-section with C., as 
capacitor and 2 inductances with a value of 
half the inductances of the double n-section 
(see Fig.10). 


L{ L2 





Fig.10 Input matching circuit. 


represents the input capacitance of the 
Bip and can be calculated from the input 
impedance of Fig.9. 
For 7MHz: Ci,=1/(2m*7E+6%*30.58)=744pF. 
Across this capacitor a constant voltage 
versus frequency from 1.6 up to 28MHz has to 
be developed. Provided C, is an ideal capaci- 
tance the dimensioning of this network is as 
follows: 
Ry=R 5 must be appr. 62 to obtain low I.M. 
dist6Oftion and good stability. This appeared 
during the development of the narrow band 
testcircuit as given in the BLF177 publication 
data. To judge whether this value is also 
acceptable for wideband operation we calculate 
the product: 
w .C..R in which w. is the maximum angular 
fFeqienty. . 
Doing so we find: 
oe ee 12*6.25=0.818. 

has been chosen 6.252 for the ease of 


bc) moyenne Comparing the value of this 


product with the one given in Ref.2 we see 
that with a double n-section we can easely 
reach a bandwith of 50MHz. Therefore we have 
simplified the network as decsribed above. 
Continuing the calculation we find: 

L=0.997 R./w =35.4nH (So Li=L,=17.7nH). 

With the computer model mentioned in section 
2.3.1. a gain of 22.3dB has been calculated 
with Ret 4oe 
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Starting from this 22.3dB gain, L,=#L,=«17.7nH 
and R 570-28 the input VSWR and gain devia- 
tion Peve been calculated (see Fig.11). 


INITIAL RESULTS 
Re = 6.25@ Ohm; Gs = 22.300 dB 


Par.LR > L= 17.76@ nH3 Rk = 6.2008 Ohm 

Ser.Ind. > L= 17.766 nH 
f (MH=> YOWR dGCdE> 
1.6 1.016 1.4486 

Zi 1.616 1.435 

Sau 1.623 1.431 

ae) 1.632 1.419 

7.@ 1.646 1.462 

14.@ 1.668 1.354 

14.4 1.106 Lve2oo 

2@.@ 1.161 Lecs 

24.6 1.214 916 

28.6 1.281 . 763 


Fig.11 Results before optimization. 


Before optimization the maximum VSWR=1.28 and 
the gain =22.7dB + 0.37dB. 

To achieve a maximally flat gain and a low 
input VSWR a computer optimization program has 
been used. This optimization results in a gain 
of 23.3dB with a maximum AGain = + 0.09dB and 

a VSWR <1.09 (see Fig.12). For these results 
L, has been changed from 17.7nH to 9nH and L 

from 17.7nH to 21.1nH. The R has been 
decreased from 6.252 to 5.72. =* 


PINAL RESULTS 


RFs = 6.2568 Ohmj Gs = 23.304 dB 
_Far.Lle > L= 21.679 mks R = 5.749 Ohm 

Ser.Ind. > L= 6.556 nH 
f (MHz) VSWR dGcdB» 
1.6 1.887 ~B72 

Pas 1.6087 B01 

ces) 1.687 B74 

De 1.686 » 676 

726 1.885 B84 

18.6 1.082 ~887 

14.6 1.876 - 056 

26.6 1.659 ~ 856 

24.0 1.647 - 406 

28.98 1.044 -.087 


Fig.12 Results after optimization 
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Input transformer 


The input transformer is simular to the output 
transformer. It transforms the asymmetrical 
System impedance to the 2%*6.258.12.52 symme- 
trical source impedance. However the lower 
power handling (<3W) justifies a toroid of 4C6 
material with smaller dimensions: 14x9x5mm 
(Dxdxh) which gives a volume A.1l]#0.445E-6m°. 
As described in section 2.2.2. the primary 
winding can be calculated for L=20uH. 


Ny reSOR((L-1)/ (Cu. Ad) 


np TSOR((20E-6*3.55E-2)/(4RE-7*1 20812. 54E-6 
“19.4 turns. With n 20 turns and a transfor- 
mation ratio of 4:1* the n #10 turns. 


sec 
Vmax 7 S0R(2+P,-Ro)=17.3V afd Bax: O13T- 


The needed core volume A.1l is: 


/ 2 
Avla(V)o/(w-B oy?) “(UO eH) ZL 


A. le(17.3/(2m*1.6E+6*0.013)7. (4nE-7*120)/ 


20E-620.14E-6m>. 


The core used has a volume of 0.445E-6m>. 
Fig.13 on page 16 shows the input transformer. 
The secondary winding has 10 turns of copper- 
foil (width 2mm, thickness 0.05mm). The 
primary winding has 20 turns of enamelled 
copper wire (0.5mm). Each secondary turn has 
been covered with 2 primary turns with a PTFE 
foil of O.imm thickness as isolation between 
the 2 windings. The method of winding is the 
same as described for the output transformer 
in section 2.2.2. The measured inductance is 
20.95uH and L =250n4H. 

The correction method used for the input 
transformer is the same as described already 
in section 2.2.2. (see Fig.14). 


20 10 
Sat IAF 


ad 


ISpF 







Fig.14 Inputtransformer with correction. 
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The transformer has been corrected with 
parallel capacitors for the higher frequencies 
and a series capacitor for the lower frequen- 
cies. Fig.15 on page 17 gives the return 
losses before and after the correction. 


2.3.4. Tuning of the inputcircuit 


For the practical tuning of the inputcircuit 
each transistor has been adjusted at Vp =50V. 
and a quiescent current of 0.5A. 

The gain and input return losses have been 
measured in the frequency range 1.6 up to 
35MHz. The best results have been achieved by . 
changing the secondary correction capacitor of 
the inputtransformer from 220 to 30pF and the 
primary correction trimmer from = I15pF to 
=20pF. The low frequency correction capacitor 
at the input has been removed. The inductance 
in serie with R has been increased from 21.6 
to 35nH. Fig.16° on page 18 gives the complete 
circuit diagram of the-wide band amplifier 
with 2 BLF177 transistors. Fig.17 on page 19 
gives the corresponding parts list. 


CONSTRUCTION OF THE AMPLIFIER 


For the printed circuit board double Cu-clad epoxy fibre 
glass has been used with a thickness of 1/16" and e¢_ «4.5. 
The position of the components is on one side and the 
other side serves as a groundplane. Connections to the 
groundplane have been made with rivets and with straps 
under the source leads and at the edges of the PC-board on 
the in-and output side. | 

The printed circuit board has been attached to a solid 
copper plate (145x120x10mm) which functions as a heatsink. 
Around the position of both transistors a tube has been 
soldered in the copper plate to controle the temperature 
by means of a watercooling system. For a good thermal 
contact between heatsink and transistors heatsink compound 
has been used. 

Fig.18 on page 20 shows the lay-out of the amplifier. The 
transformers have been fastened above the printed circuit 
board by means of accessories of Delrin material. 

These accessories have been attached through the PC-board 
in the copper plate. 


981 


4. 


4. 


1 


RNR-1-259-1987-AS 
page 14 


MEASURED PERFORMANCE 


Single tone measurements 


Fig.19 to 23 on page 21_and 22 show at a constant 
outputpower of 300W at 2 heatsink temperatures the 
gain, efficiency, input return losses, 2nd and 3rd 
harmonics at the output as a function of the frequen- 
cy. In the range 1.6-28MHz the gain is 22-23dB, the 
efficiency 52.5-61%, the input return losses are 
below -15.5dB, the second harmonics better then -25dB 
and the third harmonics below -16dB. 

At a heatsink temperature of 70°C the gain decreases 
about 1.5dB. The heatsink temperature has only little 
influence on the other parameters. Fig.24 to 26 on 
page 23 shows at 4 frequencies the output power as a 
function of the input power and the gain and effi- 
ciency versus outputpower. 

Above 10MHz the efficiency decreases about 6%. At 
20MHz the gain decreases above P =200W. At other 
frequencies this decrease starts at 97300. 


Two tone measurements 


The two tone measurements have been carried out with 
2 carriers with a frequency distance of 1KHz. Fig.27 
to 30 on page 24 and 25 give as a function of the 
frequency the gain, efficiency, 3rd order distortion 
and 5th order distortion at 4 output levels. Over the 
whole frequency range the gain variation is less than 
1dB at each power level. At P =300W PEP the effi- 
ciency is at least 40%, the 3rd order distortion 
$-33dB and the 5th order distortion <¢-38dB. 

Fig.31 and 32 on page 26 give the 3rd and 5th order 
distortion versus output power at 4 frequencies. 

To verify the choise of I,,=1A the 2nd and 3rd order 
distortion have been measured versus Ty . These 
measurements have been carried out at Phe most 
critical frequency and output level of 20MHz and 30W 
PEP resp. 

Fig.33 on page 27 shows that I,,=1A for both transis- 


| ._D 
tors together was a good choisee 


BALANCED CIRCUIT 


As shown in the table below there is a certain amount of 
unbalance between both drain currents at RF operation. It 
is possible to improve this by using baluns in front of 


the input transformer and after the output transformer. 
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Fig.34 Drain currents at Pz s00W. 


CONCLUSIONS 


This report shows that it is possible to design a wideband 
push-pull ampifier with 2 BLF177 MOS transistors having a 
very good performance. 

The main properties are: 


- Bandwidth 1.6-28MHz 
~ Vos 50V 

= Ino 1A 

-~ Gain at P_ =300W 22-23dB 

-~ Efficiency at P =300W 52.5-612 
- Return losses input at P_ =300W €-15.5dB 
~ 2nd harmonics output at =300W &-25dB 

- 3rd harmonics output at P= 300W <-16dB 

- IMD at P 7 300W PEP £-33dB 
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Transformer only 
With compensation 


Original compensation 


Additional compensation 


Return Losses (dB) 





# (MHz ) # (MHz ) 


Fig.4 Output transformer correction Fig.8 Return losses output circuit 
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Fig.15 Input transformer correction 
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Fig.16 Circuit diagram of the 2x BLF177 amplifier 
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FIG.17 PARTS LIST OF THE WIDE BAND PUSH-PULL AMPLIFIER WITH 


2xBLF177 (1.6-28MHz) 


C1 = 5-60pF film dielectric trimmer (cat.nr.:2222 809 08003) 

C2 = 30pF multilayer chip capacitor * 

C3 = 2x100nF multilayer chip capacitor (cat.nr.:2222 852 

47104) 

C4 = C5 = 3x100nF metallized film capacitor (cat.nr.: 
2222 368 21104) 

C6 = C7 = 100nF multilayer chip capacitor (cat.nr.: 

2222 852 47104) 
C8 =« 10uF (63V) electrolytic capacitor (cat.nr.2222 030 
28109) | 

C9 = C10 = 4x10nF metallized film capacitor (cat.nr.: 2222 
368 51103) 

Cll = 2x75pF multilayer chip capacitor * 

Ll = L2 © 9nH, printed inductance; 1l=4/mm, W=6mm 

L3 = L4 = 35nH, 3 turns enamelled Cu-wire (0.7mm) 

int.dia.:3mm, lx2.35mm 

L5 = L6 = 2.2yH, 1 turn through modified Ferroxcube choke 
grade 3B (cat.nr.:4312 020 36642) See Fig.35 page 16 

L7 = 100nH, 5 turns enamelled Cu-wire (0.8mm) 
int.dia.: 5mm, l=6.1mm 

Rl = R2=5.92; 4 metal film resistors of 23.72 (0.4W) 
in parallel (cat.nr.: 2322 151 72379) 

R3 = 1K&2, metal film resistor (0.4W) (cat.nr.:2322 151 
71002). 

R4 = 1MQ&, metal film resistor (0.4W) (cat.nr.: -2322 151 
71005). 

R5 = 5008, Cermet potentiometer (0.75W) 

R6 = 5.6KQ2, metal film resistor (1W) (cat.nr.: 2322 153 
55622) 

Tl = Input transformer: 

n +720 turns enamelled Cu-wire (0.5mm) 

onPF 210 turns copper foil (width 2mm, thickness 0.05mm) 
wound around toroidal core, grade 4C6, dimensions: 
14x9x5mm (cat.nr. 4322 020 97181) see Fig.13 page 16 

T2 = Drain choke: 

6 turns of twisted pairs of 0.8mm Cu-wires (each 
winding consists of 2 wires in parallel) wound on 
a Ferroxcube rod, grade 4B1l, dimensions 10x50mn, 

see Fig.6 on page 16. 

T3 =n +78 turns copper foil (width 6mm,thickness 0.05mm) 
nP* 216 turns of 2 enamelled Cu-wires (0.6mm) in 
pardllel wound around toroidal core, grade 4C6, 
dimensions: 36x23x15mm (cat.nr.4322 020 97201) 
see Fig.2 page 16. 

2 of these transformers in parallel from the complete 
outputtransformer. 


PC-board: double Cu-clad, 1/16" epoxy fibre glass (€=4.5) 


* American Technical Ceramics type 100B or capacitor of same 
quality. 
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Fig.18 Lay-out of the 2x BLF177 amplifier 
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Fig.21 Input return losses versus frequency 


589 


3e Harmonics (dB) 


ce Harmonics (dB) 








RNR-1-259-1987 
page 22 


Th=7e°c 


‘ a ‘ 
PPTerTTiTT TITTTT ty) AY eeacecsne da weseccerarccrcccecs eecsencee yeccees aed eecccocscn 
. ‘ . ‘ . 


@ 16 28 32 40 
f (MHz) 


Fig.22 3rd harmonics versus frequency 2xBLF177 
=50V 
Vos 50 
=1A 
Tho 
Pp =300W “ 
fo) 


£ (Mbz ) 


Fig.23 2nd harmonics versus frequency 
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LINEAR PERFORMANCE OF BLF244 IN S.S.B. CLASS—-A OPERATION 


1. INTRODUCTION 


This report contains results of measurements carried out 
on the BLF244 in &8.S.B. class—-A operation. 
‘Linear measurements have been performed on six transistors 
from batch RISOC Cass. nr. 3030). Each transistor was taken 
from a different slice. 


2. TESTCIRCUIT 


Measurements have been done in a wideband amplifier 
designed for the frequency range 1.6-28MHz. The circuit 
diagram and component list are given on page 5. 

Negative feedback (R2) has been employed to attain a flat 
gain of the amplifier. A shunt resistor(Ri) between gate and 
source takes care of stable operation and also decreases the 
input resistance to 12.5 Ohm. Matching to 50 Ohm is 
accomplished with a 4:1 broadband transformer. 
At the output side a broadband load of 50 Ohm is provided to 
the transistor. 

A more detailed decription of this kind of amplifiers is 
“given in application report RNR-1-376-1987. 









3. TESTCONDITIONS 






The quiescent drain current for class—-A operation is set 
to O.6A at a supply voltage of 28V. This is below the maximum 
allowable DC-current for a heatsink temperature of 70°C which 


is 0.39A for this device. 








Linearity measurements have been performed with two tones of 
equal amplitude with a frequency seperation of 1kHz. 

The intermodulation distortion products d3 and db are 
referred to the amplitude of one of the two tones. 







The transistors have been tested at a nominal output power of 
AW PEP, with a heatsink temperature of 25°C. 
% 
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4. TESTRESULTS 


The table below contains results of measurements at 
F=28MHZz of 6 devices. 


Conditions: Vds=28V; Idq=0.6A; Pout=4W PEP; Ths=25 °C. 


BATCH RISOC (Cass. nr. 3030) 


Dev. no.-— Sliceno. Pin Gp a3 dS input ret.loss 

(mW) (dB) (dB) (dB) (dB) 

Zr 2 3.0 23.5 -40.5 -60 =20 25 

L6> 3 3.0 2o.5 -41.0 ~-60 -22.0 

2r> 40 8.8 ZS 6 -40.5 -60 =24.5 

322 12 6:5 2355 -40.5 —-60 7 i 

44> 19 8.8 23.6 -40. 5. <-60 -24.0 

OZ 2a 8.8 ee an) -40.5 -60 aa oe © 


Measurements have also been performed versus output power at 
f=28MHz. Fig.1 and 2 on page 3 show the powergain and IMD (d3) 
of a typical device (dev.no.52 from slice 21). Pout is varied 
between O.5SW and 8W P.E.P. wich resulted ina gain variation 
of approximately 0.5dB. IMD(d3) exceeds the level of ~-40dB 
for an output power greater than 4.3W P.E.P.. 

The amplifier performance versus frequency has also been 
measured at Pout=4W P.E.P. with the same device. Fig.3, 4 and 
S on page 4 show the powergain, IMD(d3) and “input return loss 
versus frequency. The measuring frequency extends from 1.6MHz 
to 32MHz. The resulted powergain is 24dB +/-0O.4dB and IM (d3) 
varies between —-48dB and —-40.5dB while the input return loss > 
is better than —-2OdB. 


5. CONCLUSION 


The BLF244 is suited for linear operation in Class-A in the 
HF-band. It has an IMD(da3) of better then -—-40dB up to an 
output power of 4W P.E.P. throughout the band at Vds=28V and 
Idq=0. 6A. 
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Circuit diagram of the wide band amplifier for BLF244. 


LIST OF COMPONENTS 





Capacitors 





C1= 3.9pF; multilayer ceramic chip capacitor * 

C2= 3*10nF; multilayer ceramic chip capacitor 
(cat.nr.2222 852 47103) 

C3=C4=C6= 100nF; multilayer ceramic chip capacitor 

(cat. nr.2222 852 47104) 
CS= 10nF; multilayer ceramic chip capacitor ~ 
‘ (cat.nr.2222 852 47103) 

C?= 3£100nF; multilayer ceramic chip capacitor 
(cat. nr. 2222 852 47104) 

C8= 10uF (63V); Aluminium electrolytic capacitor 

(cat. nr.2222 O30 258109) 
CS= 24pF; multilayer ceramic chip capacitor sx 


Inductors 


Li= 20uH; drain choke, 36 turns enamelled Cu-wire (0. ?mm) 
wound on a Ferroxcube rod grade 4B1, 
dimensions (5*30) mm 

L2= Ferroxcube RF choke, grade 3B (cat.nr.4312 O20 36640) 


L3= 189nH; 8 turns enamelled Cu-wire (1.0mm); 
int.dia.= 5.0mm, length= 9.5mm; leads 2%*3. Omm 


Resistors 


R12 16 Ohm; metal Film resistor; O.4W 
R2= 1500 Ohm; metal film resistor; O.4W 
R3= 10 Ohm; metal Film resistor; O.4W 


Transformer 


Ti- 4:1 transformer; 18 turns of twisted pair of 0O.25mm 
enamelled Cu-wire (10 twiats per cm) wound on a 
toroidal core grade 4C6, dimensions (9*6*3)mm. 
(cat.enr. 4322-020-971 71) 


Printed circuit board:double sided Cu-clad epoxy fibre 
-glass laminate (€r=4.5), 
thickness 1/16 inch. 


* American technical ceramics capacitor type 1OOB. 
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A WIDEBAND LINEAR AMPLIFIER (1.6-28MHz) FOR 8W PEP IN 
CLASS-A WITH THE MOS—TRANSISTOR BLF1/5(V3,=20 Volt) 


SUMMARY 


In this report a description is given of a wideband linear 
amplifier intended for driver applications in SSB trans- 
mitters for the frequency range 1.6-28MHz. 

It employs a MOS-transistor BLFi175 suited for a supply 
voltage of 50V. 

The transistor is adjusted in class-A with a quiescent drain 
current of 80QOmA. = 

The main properties at P =8W PEP are: 


Powergain : 28°3 - 28.6dB 
IMD (43) : < -41dB 
IMD (d5) : < -60dB 


Input return loss : ¢ -26dB 
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INTRODUCTION 


The amplifier that will be discussed in this report 
concerns a wideband linear amplifier, designed for driver 
applications in SSB transmitters in the HF band. 

This design is based on the RF power MOS-transistor BLF175 
which is primarily designed for communication purposes in 
the HF-band. This device can deliver 8W PEP in class-A at 
an IMD (d3)<-40dB, when operated from a supply voltage of 
50 Volt. 

It is encapsulated in a S0T123 four-lead flange type with 
a ceramic cap. 


GENERAL CONSIDERATIONS 


One of the most important factors to be considered in the 
design of driver stages for SSB transmitters is intermodu- 
lation distortion. The major cause for intermodulation 
distortion is the non-linear transfer characteristic of 
the transistor. A generally accepted IM distortion figure 
is <-40dB. To achive this, driver stages must be operated 
in class-A. One of the properties of a class-A amplifier 
is its low efficiency, which for pre-drivers is of less 
importance. | 


The amplifier must have a flat gain response, within a few 
tenths of a dB. Its response should preferably be 
superiour to that of the final amplifier of a SSB trans- 
mitter. | ai 


The input return loss versus frequency must be low 
because, it will possibly form the load of a pre-driver. 


DESIGN OF THE AMPLIFIER 


3.1. Circuit description 
Fig.1 shows the basic circuit of this broadband 


amplifier. Negative feedback combined with parallel 
input compensation has been applied to obtain flat 
gain and low input return loss. 


RE 
Ee 


Patten C 50 Ohm 


50 Ohm £25 ‘Output 


Input | |Fos 


Fig.1 Basic circuit of the wideband amplifier. 
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Matching of the input to 502 is accomplished with a 
4+1 broadband transformer of the transmission line 
type. At the output side a LC-section compensates the 
output capacitance of the transistor for the 
frequency range of interest in order to provide the 
transistor with a constant resistive load. 


Design procedure 
The amplifier will be designed for a supply voltage 


of 50 Volt and a system impedance of 502. 


First the DC-operating point must be determined. The 
most important factor that restricts the DC-current 
in MOS-transistors is the maximum allowable power 
dissipation in the transistor. For _a maximum opera- 
ting junction temperature of 200°C and a maximum 
allowable heatsink temperature of 70 C the maximum 
dissipation with R,,._,=2.9 K/W equals to 44.8W. This 
corresponds with a dr din current of 0.9A at Vag? 
Volt. In order to keep the dissipation within Safe 
limits las is set to 0.8A. 


Second the optimum load resistance is determined. For 
class-A amplifiers this is given by the relation: 


R, = 





V, 
za ; (1) 


In this case R, equals to 50/0.8=62.52. In order to 
avoid an output transformer Ry is chosen to be 502. 


Now the load resistance has been established, the 
input resistance can be determined. This resistance 
is formed by the input shunt resistance and that part 
of the feedback resistance reflected to the input. 
Several properties of this amplifier are determined 
by this resistance, viz.: 

a. the power gain 

b. the cut-off frequency. 

In the next sections a brief analysis will be given 
of this amplifier in order to determine the input 
resistance and the powergain. 
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Powergain 


For class-A amplifiers small signal analysis. 
produces sufficiently accurate results. 
The small-signal equivalent circuit of the 


amplifier is shown in fig.2. All transistor _— 


package parasitics are neglected for this 
frequency range. RE 





x | 
Signal Transistor ‘Load 
source 


Fig.2 Small signal equivalent circuit of 
amplifier. 


The Y-parameters of the transistor with 
feedback resistor Ry and shunt resistor Res 
are: 


Yaq= Ggs * Gre + jal Cost Ca! (2) 
Vig = ~/@Cgd - Ge (3) 
(4) 


Yo1 = 9m ~ Sp ~ 1g 


The general expression for powergain of any 
linear amplifier is: 


ee 
PP)” |%o+ Y, | Rely) 
in which: 
| Yo Yoy 
Yin = 4977 (7) 


ee ees 
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page 6 
The load admittance is: 
¥ 2G, - jolCy* Go (8) 


After substitution of equation (2)-(5) and 
(7), (8) into (6) we obtain: 


| a a ee ee (3! 
(6, +26) 1Gg.(G +26-) +6 G +GF +H Coa! 


in which: 





Irn 
G=G.(1 + G, ) (10) 
If G, and wC are assumed very small with 


respect to L and Ga we get the simple 
expression: 


OK, 


(a (11) 
"P* “Gy [igs GI 
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Cut-off frequency 
The cut-off frequency of this amplifier is 


dominated by the input circuit. The output 
circuit has a much higher cut-off frequency 
and is therefore not relevant. 

Fig.3 shows the unilaterised small-signal . 
equivalent circuit of Fig.1. 





f - Av 


Fig. 3 unilaterised small-signal equivalent 
circuit. 


Av is the voltage gain between drain and gate 
which is assumed to be a real number. The 
total input resistance is: 


p ‘3 (12) 
TST ay 


And the input capacitance is: 
C; = Cos + Coat 1 - Av) (13) 


The 3dB cut-off frequency of this RC-combina- 
tion is given by: 


| 
2 14.) 
C* DITRG, 


So, if Ci is known we can determine Ri for a 
certain bandwidth. 
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Calculations 

Calculations are based on transistors from one batch 
of the BLF175. The mean values of the transistor 
parameters were taken. These are: 


g, = Pe ee (Va g=lOV; Tj=14) 

Cos = 145.1 pF 

Cas = 34.4 pF (V4 2205 ViegeO¥s f=28MHz) 
Cod = 3.42pF 


The transconductance (gm) of this device is determi- 
ned by a pulse measurement. Under normal operating 
conditions gm will be lower due to the higher 
junction temperature. The reduction is approximately 
25% for normal operating conditions. The effective 
transconductance is therefore: 


Sune = Lyo *-" ODD 2° = Tals 
The capacitors Cy and C g are voltage-dependent. Due 
to RF-excitation the eff®8ttive capacitance in class-A 
will be 10% higher, so: 


1.1 * C 


Cds, 
1.1 * C 


Ced, 


37.8pF 


OS 2 3.768 


gd 


The voltage gain between drain and gate in Fig.1 can 
be calculated with: 


AL = -gm Ry (15) 


For a load resistance of 5082 this amounts to: 


A = -1.1 * 50 = -55 
Vv 
According to. eq.(13) the total input capacitance 
amounts to: 


C, = 145.1 + 3.76 * (14+55)= 355./pF 


i 


The total input resistance can now be determined with 
eq.(14). For f= 28MHz this amounts to: : 


f » 
a a 


1 x77 «28x 10° x 355.7* 10712 
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For the ease of transformation a value of 12.52 has 
been chosen. The cut-off frequency therefore increa- 
sed to 35.8MHz. 


R; consists of the parallel connection of R and 
RE/(1-A ), see fig.3. First the feedback resi&®tance 
R, will be calculated. 
the only restriction that holds for the feedback 
resistance is the power dissipation in it. This must 
be kept low in order to prevent deterioration in IMD 
performance. 

The dissipation allowed, is set to 23% of the RMS 
output power. According to fig.3 the total reflected 
feedback resistance to the output side is: 


! Rr i 
Av 
Because A_ >>1, R, = R and amounts to: 
V F F 
Rp = 15008 


Now, R 5 can be calculated for R,=12.52. 
With Rp/(1-A,)=26.82 we find or R a value of 
23.42. The closest practical value is SFO. 


The powergain in dB can be determined with eq. (9), 
and is calculated to be: 


G,=10 log (636.6) = 28.4dB 
When the approximate equation is used (11) we get: 
G,=10 log (756.3) = 28.8dB 


So, a good estimation is obtained when eq. (11) is 
used. . 


Output matching 


The output impedance of the transistor can be 
represented by a parallel connection of a resistance 
and a capacitance. 

The resistance has a value of 502, see section 3.2., 
and the capacitance is equal to 7 

1.1 * (C +Cy )=41.6pF due to Rp-excitation.. 

This output fcapacitance is compensated by a LC- 
section for the frequency range of interest in order 
to obtain a constant resistive load, see fig.3. 
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—Co=41.6pF 





Fig.3 Output matching 


According to Ref.[1] the component values of Ly and 
Cy for a cut-off frequency of 28MHz are: : 


L,=189nH and C,=41.6pF with VSWR=1.05 


1 
The output section contains two additional 
components, viz.: 

1. a drain choke for biasing 

2. a de-blocking capacitor. 


For RF-signals the drainchoke is connected in 
parallel with the output impedance, see fig.4, and 
must therefore be large enough, in order to avoid 
performance degradation at the low end of the band. 
For the lowest frequency of interest (1.6MHz) the 
choke inductance must be at least: 


LR 
be ae (17) 
2 tnin 
In this case L amounts to 20uH. 


In practice this is obtained by winding 36 turns of 
enamelled copper-wire (0./mm) on a ferroxcube rod, 
grade 4B1, with a length of 30mm and a diameter of 
5mm. Because of the open magnetic circuit saturation 
due to DC-current will hardly occur. 


Cac Li 





Fig.4 Output section. 
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The dc-blocking capacitor can be used to compensate 
the choke inductance for low frequencies. 

According to [1] this capacitor must be 8nF for 
f=1.6MHz with VSWR y=i-03. 

In practice a chip capacitor was used of 10nF. 


The matching performance of the output section was 
verified with an impedance analyzer. The transistor 
was first replaced by a dummy transistor which 
consisted of a resistor of 502 and a capacitor of 
42pF in a §0T123 header. The return loss was measured 
at the load connection. 

It appeared that the return loss improved when Cy was 
replaced by a capacitor of 24pF. This was due to 
parasitics introduced by the printed circuit board 
and the additional components like the drainchoke and 
the blocking capacitor. 

The return loss was better than -20dB throughout the 
band. 


Input matching 


The input section is shown in Fig.5. 





Fig.5 Input section. 


A 4+1 broadband transformer is applied of the 
transmission line type. It utilizes a twisted-wire- 
pair transmission line wound on a toroidal core. 
The windings are uniformly distributed around the 
toroid. Fig.6 shows the electrical circuit diagram 
and constructional details of this. transformer. 


3 







50 Ohm 12.5 Ohm 


2 
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The required characteristic impedance of the trans- 
mission line is: 


25. 2 Re Ry 


For this case Z equals to V50*12.5 = 252. 

In practice Z will deviate from the required value 
and compensation will be necessary to improve the 
broadband performance of the transformer. 

The characteristic impedance of 252 has been obtained 
by twisting two enamelled copper wires of 0.25mm-bare 
diameter. The wire diameter with isolation included 
was 0.27mm. Approximately 10 twists per cm were 
applied and the total wire length was 25cm. 


A ferroxcube toroid, grade 4C6, has been applied with 
dimensions (9x6x3)mm. Here the size is not primarily 
determined by the power handling capabilities, but 
the required number of turns needed to establish the 
parallel inductance between the transformer 
terminals. On the other hand this inductance must not 
be higher than necessary, because the broadband 
performance of the transformer will degrade if the 
transmission line becomes longer than A/8. A good 
practical value is that given by equation (17). This 
means for the inductance at the 502 side a value of 
20wH and for the 12.52 side a value of 5wH. The 
number of turns needed is that which is required to 
make Sup. 

According to the design information in ref. [2], 13 
turns for this toroid were required to make 5ypH. 
From measurements it appeared to be too low. There- 
fore the number of turns had to be increased to 18. 
This is due to deviation in material properties which 
for smaller toroids is larger. 


The dc-blocking capacitor compensates the parallel 
inductance of S5wuH. For 1.6MHz, 31.8nF is necessary 
according to ref. [1]. Three chip capacitors in 
parallel were used of 10nF each. 


High frequency compensation for deviation in Z is 
accomplished by parallel capacitors between the 
transformer terminals. At the low ohmic side a part 
of C, provides the required capacitance while at the 
high ohmic side C provides this. Its value is 
determined by tuning a variable capacitor for optimum 
return loss at f=28MHz under nominal operating 
conditions. The required value was 3.9pF. 
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AMPLIFIER ALIGNMENT 


The amplifier was constructed according to the design 
procedure given in the previous chapter. 

Measurements were performed throughout the band at an 
outputpower of 8W PEP. The results are given below. 


Powergain = 27.5 - 28.6dB 
IMD(d3) § -41dB 
IMD(d5) § -60dB 


Input return loss ¢-18.5dB 


The highest powergain occured at f=1.6MHz. 

The total variation in gain of 1.1dB was found to be 

relatively large. In order to improve this compensation 

measures we considered. 

There were two possibilities, viz.: 

1. parallel input copensation; an inductance in series 
with the input shunt resistance which increases the 
effective shunt resistance at high freauencies and 
hence the gain. 

2. feedback compensation; an inductance in series 
with the feedback resistance wich decreases the 
feedback at high frequencies and hence improves 
the gain. : 


The drawback of the latter is the relatively large 
inductance required for compensation, a few wH. The former 
is more elegant because of the low value of the required 
inductance. 

Calculation of the optimum inductance for maximally flat 
response is complicated. Therefore its value was deter- 
mined in an emperical way. 

An inductance of 86nH was found, which reduced the total 
variation to 0.3dB for an average gain of 28.4dB. 

An additional advantage of this compensation measure was 
the improvement of the input return loss, which became 
better than -26dB. | 
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5. AMPLIFIER CONSTRUCTION 


oe 


Construction notes 


The circuit diagram and component list are given on. 
page 17. The circuit board of this amplifier design 
is made of two-sided copper clad epoxy fibre-glass 
laminate with a thickness of 1/16 inch and a dielec- 
tric constant of 4.5. A full sized pattern of the 
printed circuit board is shown in fig.7 on page 18. 
The other side is fully metallized and used as ground 
plane. The ground planes on each side of the board 
are connected together by means of copper straps at 
the source leads and the N-connectors and the 
mounting screws. 

Fig.8 on page 18 shows the component layout. 

The unavoidable strip in the feedback path represents 
an inductance of 12nH and a capacitance of 5.5pF 
which can be neglected with respect to the feedback 
resistance. C4 is a de-blocking capacitor and should 
have a low reactance for all frequencies. 

To prevent low frequency spurious oscillation, a 
network comprising C7 and R3 is applied. At low 
frequencies R3 serves as a series loss for choke L2 
and thus avoids a high Q factor. 

C3 and C6 are small bypass capacitor for the carrier 
frequency. | 

L3 needs to be as large as possible and still ‘be able 
to handle the required current. C8 must provide a 
solid bypass at all frequencies including the very 
low ones. 


Heatsink 
The circuit board is attached to a solid brass plate, 
which is provided with a circular hole for cooling 


purposes. A water cooling system controls the 
heatsink temperature. 
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AMPLIFIER PERFORMANCE 


6. 


1. 


General 


Performance measurements were carried out under the 
following conditions: 


Supply voltage : Vad = 50V 
Quiescent drain current: Ty = 0.8A 
Heatsink temperature > fT)? = 95°C 


The measuring frequency exténds from 1.6MHzZ to 32MHz. 
Two tones of equal amplitude were used with a 
frequency separation of 1KHz. The distortion products 
were measured with respect to one of the two tones. 


Performance at constant output power 


The measurements were done at an output power of 8W 
PEP. 
The results obtained are: 


Powergain = 28.3- 28.6dB, see fig. 9 on page 19; 
IMD (d3) =-41.4-—- -47.4dB, see fig.10 on page 19; 
IMD (d5) §-60dB; : 
Input return loss 

S- 26dB, see fig.11 on page 19. 


Performance at constant frequency | 


As shown in fig.10 on page 19 the worst third order 
IMD product occurs at the highest end of the band. 
Therefore, measurements versus output power were only 
carried out at f=28MHz. 

The results obtained are: 


Powergain = 28.1- 28.4dB, see fig.12 on page 20; 

IMD (d3) = -60 - -33.9dB, see fig.13 on page 20 
-40dB is exceeded for Po2 9.5W PEP; 

IMD (d5) ¢ -58dB; 

Input return loss 


& = 2E S508. 
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CONCLUSION 


The design and construction of a wideband linear amplifier 
has been presented, with the MOS-transistor BLF175, for 
the frequency range 1.6-28MHz. 
The transistor is adjusted in class-A and shows good 
linearity, IMD (d3) <¢ -40dB, up to an output power of 
9.5W. It is suited for driver applications in SSB trans- 
mitters.. 
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Circuit diagram of the wideband linear amplifier. 


R2 C4 






BLE 175 





| 50 OHM 


OUTPUT 
50 OHM “T 


INPUT 


LIST OF COMPONENTS 


Capacitors 





Ci= 3.9pF; multilayer ceramic chip capacitor * 

C2= 3*10nF; multilayer ceramic chip capacitor 
(cat.nr. 2222 852 47103) 

C3=C4=C6= 100nF; multilayer ceramic chip capacitor 

(cat. nr.2222 852 47104) 
CS5= 10nF; multilayer ceramic chip capacitor 
(cat. nr.2222 852 47103) 

C?= 3*100nF; multilayer ceramic chip capacitor 
(cat. nr. 2222 852 47104) 

C8= 10uF(63V); Aluminium electrolytic capacitor 

(cat. nr.2222 030 28109) 
C9= 24pF; multilayer ceramic chip capacitor * 


Inductors 


Li= 86nH; 4 turns enamelled Cu-wire (0.6mm); int.dia.= 5.Omm, 
length= 3.3mm; leads 2*2.0Omm 

L2= 20uH; drain choke, 36 turns enamelled Cu-wire (0. ?mm) 
wound on a Ferroxcube rod grade 4Bi, 
dimensions (5*30)mm 

L3= Ferroxcube RF choke, grade 3B (cat. nr.4312 O20 36640) 

L4= 189nH; 8 turns enamelled Cu-wire (1.0mm); int.dia.= 5.Qmn, 

length= 9.5mm; leads 2*3.Omm , 


Resistors 


Ri= 24 Ohm; metal film resistor; O.4AW 
R2= 1500 Ohm; metal film resistor; 0.4W 
RS= 10 Ohm; metal film resistor; 0.4W 


Transformer 


Ti- 4:1 transformer; 18 turns of twisted pair of O.25mm 
enamelled Cu-wire (10 twists per cm) wound on a 
toroidal core grade 4C6, dimensions (9*6*3)mm. 
(cat. nr. 4322-020-971 71) 


Printed circuit board:double sided Cu-clad epoxy fibre 
~glass laminate (@r=4.5), 
thickness 1/16 inch. 


x American technical ceramics capacitor type i0O0OB. 
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THE BLF246 AS AN H.F.-S.S.B. AMPLIFIER 


This report gives information on the BLF246 as a linear 
amplifier at 28 MHz for 8.S8S.B. signals. 


Typically the device produces an output power of 80 W P.E.P. at 
an I.M. distortion of —-34 dB. 

At a supply voltage of 28 V the power gain is 20 dB and the 
2-tone efficiency AO %. 


For the design of wideband amplifiers in the range of 1.5 - 
30 MHz additional information is presented showing that the 
power gain drops to appr. 19 dB with a variation of +/- 0.4 dB. 
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THE BLF246 AS AN H.F.-S.S.B. AMPLIFIER 


1. Introduction 


The BLF246 is an R.F. power MOS-transistor in SOT-121 package 
specified at a frequency of 108 MHz and a supply voltage of 
28 V for an output power of 80 W C.W. 


During the development period this device has also been tested 
in a class-AB amplifier at 28 MHz to investigate its behaviour 
as a linear amplifier for possible application in the H.F. band 
(1.5 - 30 MHz ) with S.S8S.B. modulation. , 
In that case the 3rd and 5th order intermodulation products are 
of special interest. 


2. Narrow band test at 28 MHz 


The R.F. circuit used for this purpose is depicted in Fig. 1. 
The optimum drain quiescent current for linear operation of 
this device in class-AB is 0.6 A. 

This is achieved with a Ves which is appr. 0.48 V higher than 
the specified Ves(th). 


The output circuit has been aligned with a dummy load 
consisting of the parallel connection of a 3.5 Ohms resistor 
and a 400 pF capacitor. This results in a load seen by the 
transistor, of appr. 3.3 Ohms with a negligible reactive part. 


The capacitors CS and C10 are used to reduce the second 
harmonic voltage at the drain. = 

In a wideband amplifier this is not necessary because the same 
effect is obtained by other means like a centre-tapped drain 
choke in a push-pull amplifier. 


The input circuit is aligned for minimum reflection at 5O & of 
the maximum output power. 


The gate-source damping resistors Ri and R2 are needed for 

2 reasons: 

a. stability i.e. to prevent oscillation when the output 
circuit is detuned. ; 

b. low intermodulation distortion. In general it can be said 
that I.M. distortion is improved by lowering the value of 
these resistors. Of course they will influence the power 
gain of the amplifier. 


The average performance of the BLF246 in this amplifier is 
shown in Fig. 2 through 5: 

Fiz. 2: power gain versus O.P. power. 

Fig. 3: 2-tone efficiency versus 0.P. power. 

Fig. 4: O.P. power versus drive povwer. 

Fig. 5: d3 and d5 versus O.P. power. 
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At an output power of 80 W P.E.P. the average performance is: 


Gp = 20 dB d3 = —-34 dB 
BE: A0 *% (€ 2-tone ) d5 —-42 dB 


The distortion products have been measured with respect to one 
tone. 


It must be mentioned that the information given here is typical 
i.e. it is not guaranteed by measurements on individual 
transistors. 


3. Wideband operation 


For operation in the H.F. range ( 1.5 -— 30 MHz ) it will be 
necessary to reduce the value of Res from 18 Ohms as used in 
the narrow band amplifier down to 12 Ohms to obtain a more 
constant power gain over the band and to achieve a smaller 
variation in the input impedance to allow an easier matching 
to a driver stage or a 50 Ohms source. 


Fig. 6 shows the results of a computer calculation on this 
basis. It appears that the power gain is reduced by appr. i1 dB 
while the gain variation is then +/- 0.4 GB. 


The optimum load impedance is still appr. 3.3 Ohm with a 
negligible reactive part. : 


It must be mentioned that the figures given for power gain and 
input impedance include already the effects of an Res of 
12 Ohms. 


or 


As mentioned earlier the lowering of Res has a positive effect 
on the intermodulation behaviour. 


For the design of a suitable wideband input matching network 
one is referred to application report nr. RNR-1-259-1987. 
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Fig. 1: BLF246 Testcircuit at 28 MHz 


Ci=C4= 6-80pF film dielectric trimmer 


C2=62pF multilayer ceramic chip 
C3=150pF multilayer ceramic chip 
C5=C6=100nF multilayer ceramic chip 
C7=3x100nF multilayer ceramic chip 
C8= 2.2uUF electrolytic capacitor 


fan 


(Catanra2222°-809 07013) 


capacitor * 
capacitor & 
capacitor (cat.nr. 
capacitor (cat.nr. 


C9=C10=C14=75pF multilayer ceramic chip capacitor * 
C1i1=100pF multilayer ceramic chip capacitor * 
Ci2=C13=7-100pF film dielectric trimmer (cat.nr.2222 809 07015) 


L1=184nH,6 turns enamelled Cu-wire (0. 
L2=L3=41.192 stripline (10mm x 6mm) 


L4=278nH, 7 turns enamelled Cu-wire (1.5mm) ,int.dia: 


7mm) ,int.dia:6mm 


8mm 


2222 852 47104) 
2222 852 47104) 


L5= Ferroxcube h.f. choke, grade 3B (cat.nr.4312 020 36642) 


L6= 131inH,4 turns enamelled Cu-wire (1.5mm), int.dia: 


R1=R2=34.89) metal film resistor (cat.nr. 2322 153 53489) 
R3= 1K) metal film resistor (cat.nr. 2322 151 71002) 


R4= 1M%2 metal film resistor (cat.nr. 2322 151 71005) - 


R5= 1022 metal film resistor (cat.nr. 2322 153 51009) 


8mm 


PC-board: double Cu-clad, 1.6mm PTFE fibre-glas dielectric (€=2.2) 


x American Technical Ceramics type 100B or capacitor of same quality 
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Fig. 6: Power gain, input and load impedance versus frequency. 
Idq = 0.6 A; Res = 12 Ohm 
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SUMMARY 
Figs. A and B show the circuit diagrans of wide-band amplifiers 
with BLW32 and BLW33 resp. 


PHILIPS 


These amplifiers operate in class A. The d.c. adjustment is 
controlled by means of bias networks with BD136. 
The typical operation points are: 


BLW32: V.- = 22,5V and te = 165mA. 


CE : 
= 22,5V and J 330mA. 
or CE C 


| oo 

or 

— 

Oo 

GS 

< 
{ 


Both circuits are set-up for T.V. transposer service. 
They cover the bands IV-V (470-860MHz) completely. 


Netherlands 


The 


Product Onision Electronic Components and Materials 


The circuits are printed on double copper clad p.c. board. 

To keep the losses in the transforming strip transmission lines 
sufficiently low the dielectric is P.T.F.E. aglass-fibre with 
oe 2,74 having a thickness of 1/16 inch. 


- Eindhoven 


The fixed capacitors of the r.f. chain are of the multilayer 
ceramic chip type, whilst the variable capacitors have P.T.F.E. 
isolation or they are of the micro thin-trim. type. 


The contenls of this réport are not to be reproduced. in whole or in 
part nor disclosed te third parties without the written consent of 


NV. Philips’ Gloellampentabneken 


All typical elements to assure stable and spurious-free operation 
are applied. These decoupling elements have been chosen so that 
the effect on the video step response is acceptably small. 


1 WN <= 2 2 ee eae 
a SS ee stirrer 


The designs have been optimized with the aid of a computer what 
means that the optimum collector load for the BLW32, varying 
typically between 41,5 + j39,4 ohms at 470MHz and 17,7 + j33,0 ohms 
at 860 MHz is transformed to the 50 ohms output terminat 

impedance with the aid of a Chebyshev bandpass filter (Ref. 3). 
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The same has been arranged for the BLW33, in which the typical 


load impedance varies between 27,1 + j17,4 ohms at 470MHz and 
14,5 + jl7,3 ohms at 860 MHz. 


PHILIPS 





On the input side, the impedance for the BLW32 varies from 
4,59 + j1,67 ohms at 470 MHz to 4,12 + j5,86 ohms at 860 MHz. 
These figures are for the BLW33 resp. 3,60 + j1,90 ohms and 
3,19 + j4,90 ohms. 


The calculated gain variation in the mentioned frequency band is 
16,5 to 11,4dB for the BLW32 and 15,0 to 10,1dB for the BLW33. 
This gain variation has been reduced by permitting input 
mismatch at lower frequencies. | 

This has been done according to a method being described in 

Ref. 4. The calculated values derived from this method are 


optimized with a computer. 


The typical results obtained after practical optimization with a 


network analyzer are summarized below: 


BLW32 S21 (power gain) = 11,4 + 0,55dB 
S11 = -2,4 to -20,7dB 
S22 < -8dB 
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BLW33 S21 = 10,4 + 0,85dB 
S11 = -2 to -20,6dB 
S22 < -6dB 


Both amplifiers have a high degree of linearity. 
The output power versus frequency for a two-tone linearity of 
d. < -47dB is shown in Figs. C and D. 
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As an experiment, both single amplifiers have been cascaded and 

combined on one p.c. board. Fig. F shows the complete circuit 

diagram. It has the consequence that the driver has to accept the 

mismatch caused by the final stage. In spite of this drawhack 

the results were satisfying. The total gain (S21) became 

22,5 + 2dB, whilst the S11 and $22 still have the same trend as 
for the single ones. The minimum power for -47dB two-tone i.m.d. 


PHILIPS 


became 0,75 Watt (see Fig. £). 


Having completed the amplifiers three-tone tests (-7, -8 and 
-16dB) were done at three channels (21, 39 and 70) for an i.m.d. 
of -60, -56 and -52dB. 


The Nethertands 


These channels correspond with carrier frequencies of resp. 
471,25, 615,25 and 863,25MHz. 
! 


- Eindhoven - 


Product Division Elechronic Components and Materials 


It proved that there is a reasonable correlation between the 


two- and three-tone results. 
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This report describes the theoretical aspects and practical 
realisation of some wide-band UHF power amplifiers for TV 


transposer service in bands IV and V (470-860 MHz). 


The amplifiers are designed with the new BLW32 and BLW33 
transistors. These devices are successors of the BLX96 and BLX97/ 
for resp. 0,5 and 1 Watt peak sync output and are also developed 
for ultra linear applications. For this purpose the transistors 


have to operate in class A. 


The power gain of both types is typically 5dB more than for the 
Original devices. Because of this higher gain they are excellently 
suited for the realisation. of wide-band type amplifiers. 


The transistors are encapsulated in a } inch capstan envelope 


with ceramic cap. 


THEORETICAL CONSIDERATIONS 


For class A operation the BLW32 and BLW33 are specified as 


follows: 
BLW32: Vae = 25V and I, = 150mA 
BLW33: Veg = 25V and Ie = 300mA 


Although the power gain, the input impedance and the optimum 
narrow band load impedance versus frequency are given in the 
Data sheets for the above operating points, the actual class A 
operation points chosen differ somewhat for the circuits 


described in this report. 
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Namely, from earlier investigations it is known (see for instance 
report ECO 7/04, Ref. 5) that the wide-band properties are 
more favourable for lower load impedances. So, we have chosen for 


PHILIPS 


the following class A operation points: 


165mA 
330mA 


BLW32: Veg = 22,5V and Be 


BLW33: Veg = 22,5V and ie 


The corresponding typical gain, input and load impedances have 
been calculated (Ref. 1, 2). The values thus obtained for three 


frequencies are given below: 





se: BLW32: 

ae i gain R. (series) X, (series) R (series) X, 

ar (MHz) (dB) (Ohm) (Ohm) (Ohm) 

gece 

7 470 16,5 4,59 1,67 41,5 

e828 636 14,0 4,42 3,61 28,9 

ge RS 860 11,4 4,12 5 , 86 137 

ate 

520 2 

gig: BLW33: 

as 

Fazé 470 15,0 3,60 1,90 a7] ieee 
636 12,5 3,45 3,26 21,0 18,4 
860 10,1 3,19 4,90 14,5 iss 


To facilitate calculations approximate equivalent circuits for 
the transistor input and output impedances can be given. 


They are shown in Figs. 1 and 2. 
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The circuits will be designed on printed circuit boards with 
PTFE-fibre glass as a dielectric with an ats 2,/4 and a 
thickness of 1/16 inch. 


The input and output network start with a piece of stripline 
having a width of 6 mm, being the width of the base and collector 
leads. For a dielectric of 1/16 inch the characteristic 

impedance Z.. is 37,6 ohms. The length for the collector leads 
amounts to 3 mm. The base leads are different in length. 
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As the output impedance of both transistors is rather high a 
Chebyshev bandpass-filter configuration will be chosen to match 
it to the 50 ohms load. As will be shown later 6 elements 

are sufficient to obtain an acceptable VSWR through the band. 






















The bandpass filter is derived from a low-pass prototype having 
a cut-off frequency equal to the bandwidth of the final filter, 
i.e. 860-470=390 MHz and a characteristic resistance of 50 ohms 
(see Ref. 1). The transformation procedure is depicted in 

Figs. 3-7. These figures are for the BLW32. 


To determine C, = Cy in Fig. 3 we have to keep in mind that the 
input (and output) RC-product remains constant with impedance 
transformation, so: C, = C. = 82 x 4,2/50 = 6,9pF. 


Next, we determine the quantity ¥ being equal to : 


y= 1/(u.-C, -R) 


in which We is the cut-off freauency of the low-pass prototype 








and C,-R is the already mentioned time constant, so: 
y = 1/(2.1.390.10°.6,9.10°'%.50) = 1,183 
Then Ls can be calculated according to: 


2 
Lo = {R/w b{2y/ (f + 0,751) 
in which R is the characteristic resistance of the filter 


being 50 ohms, so: 


Ly = {50/(2.1.390.10°) }{2.1,183/(1,399+0,75)} = 22,46nk 


The transformation from low-pass to bandpass is made by: 
shunting each capacitor by an inductor and 

putting a capacitor in series with each inductor, such that 
resonance is obtained at the geometric mean frequency of the 


f= i 860.470 = 635,8 MHz. 


8) 


[om | 


band: 
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This means in Fig. 4 that: 


Le = 


L, = 9,081 ni 
Cy # 2,79 pF 
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Now we transform the input part of the filter to the actual output 
impedance of the transistor (see Fig. 5). This is done with an 


ideal transformer having a primary inductance, L, = 82/50.9,081. 
14,89nH and a transformation ratio n:1 in which 


n= 82/50 = 1,281. 


This ideal transformer is subjected to a Norton transformation 


38 (see Fig. 6) in which the inductances become 3,27 nH, 11,62 nH 
BH: and -2,55 nH resp. The final situation is then depicted in | 
gat Fig. 7 with Ly = 3,27 nH, L, = 11,62 nH and L, = L, - 2,55 oH = 
s8e8 The resulting maximum VSWR is equal to: 

eg 28 

eae: $= Mei ae in which: 

e288 | hae 

atP x= yt ae 

gee For our filter this becomes: S = 1,22, which is a very acceptable 


22,46 - 2,55 = 19,91 nH. ’ 


value justifying the conclusion that the number of filter 
elements is sufficient. 

The next step is the transformation of this filter to a strip- 
line circuit. This has been done in the same way as described 

on pages R6 to R8 of Ref. 5. If a transmission line is shorter 
than 1/8 of a wavelength the following equivalence is reasonably 


accurate (Fig. 8): 
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ae 
Fig. 8. 
RO] 
fp ee and C = sie 
7 V Ra-v 


in which v is the propagation speed being 3.108 m/s for air-line. 
Starting from Fig. 7 we must keep in mind that Cy and part of 
Ly (viz. 0,27nH) are inside the transistor. 

The inductors are then replaced by striplines. The consequence 
of this transformation is that at some points in the circuit 
parasitic capacitances are introduced. 

This can be corrected by adjusting the values of Le and C3. 

A second reason for correcting the latter is its parasitic 
Series inductance. The remaining part of Ly ts composed of 2 
pieces of stripline with different characteristic impedances. 
The part with the lower R. serves to accomodate the collector 
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lead of the transistor. Cy has a parasitic series inductance of 
appr. 1lnH which must be subtracted from Lo ; 

The remaining part is split up in 2 equal pieces on both sides 
of Co. The result of the transformation described above is 


shown in Fig. 9 and table 1. 
1022 





402.2 102 2 
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An exact analysis of this circuit results in a maximum output 
VSWR of 1,66 which is rather high. Therefore the complete 
circuit is subjected to a computer optimization procedure with 
the object to reduce the maximum output VSWR to the lowest possibl 


value. The results are given in table I. 
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Table l. 
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As a final step the practical dimensions of the striplines must 
be determined. The p.c. board material is PTFE fibre-glass with 
a thickness of 1/16 inch and a dielectric constant ee of 2,74. 
The lines with Ro = 102 ohms must have a width of 1m. 

The length reduction factor is 1,43. The collector pad 

(R.. = 37,6 ohms) must have a width of 6 mm and its length 
reduction factor is 1,52. The results of the latter transfor- 
-mation can be found in the final circuit diagram and parts list. 
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The approach followed for these networks is rather similar to 


those described in Refs. 4 and 5. However, there is one 


PHILIPS 


exception: 





Because of the higher input impedance of the BLW32, as compared 
to the BLW98, a smaller amount of transformation is required. 
As a consequence of this a single section matching network is 
sufficient. Generally speaking it can be said that this section 
must have a loaded O-factor of appr. 4 to produce the required 


gain compensation. 


This means that the total inductive reactance (of transistor and 
matching network) must be 4 times the input resistance of the 


The Netherlands 


transistor (see Fig. 10). 


- Eindhoven - 
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Fig. 10. 


he 


The tuning of this circuit is then at appr. 860 MHz. 


value above 50 ohms, so that some "back-transformation" is 
required. This is done by reducing the value of the blocking 


The single section transforms the transistor impedance to a 
capacitor Cy (8,2pF instead of 100pF). 
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In case of the BLW33 the input impedance is somewhat lower, 


So a 2 section network is advisable. Here, the blocking capacitor 
is l100pF. 


PHILIPS 





The final steps are the same as in the previous section, viz. 
transformation to stripline and computer optimization. 
The results can again be found in the circuit diagrams. 


3. THE SINGLE AMPLIFIERS WITH BLW32 AND BLW33 


3.1. Practical considerations 
On previous pages the theoretical approach has been discussed. 
In practice it was the intention to realize small compact 
amplifiers on a p.c. board with the input and output terminals 


(R. = 50 ohms) in-line for easy cascading of several amplifiers. 












The p.c. board needs to be double copper clad and has a PTFE 
fibre-glass dielectric for low losses at UHF. With a typical 
Ep of 2.74 we had the choice between a thickness of 1/16 and 
1/32-Aficn. 


In principle 1/32 inch is possible but especially the 102 ohms 
lines in this design become so narrow, that the risk of under 
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etching is too high. 
So, we have decided to use a dielectric of 1/16 inch, what means 


that these 102 ohms lines are 1 mm wide. 


Another problem being met with the application of 1/32 inch is 
the very small surface for soldering of the multi-layer chips 
and also an unusual ratio between the width of chip and track. 
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Fig. 11 shows the circuit diagram of the BLW32 class A amplifier 
with biasing, whilst in Fig. 12 the circuit is drawn for the 
BLW33. Both circuits contain a bias network with a PNP 
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transistor type BD136. 


The p.c. boards are resp. in Figs. 13 and 14 and the lay-out in 


connected to the lower sheet by soldering copper straps at the 
edges of the p.c. board. 

Figs. 15 and 16 illustrate how it has been arranged. 

The black parts are the soldered copper straps. 
















The emitters were grounded as short as possible by applying 


The Netherlands 


copper straps under the emitter leads. For that reason the holes 
in the board were square instead of round. 


All components are situated on one side of the board viz. 
the side of the tracks. 


The transistors were screwed to an extruded aluminium heatsink, 
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Figs. 15 and 16. 
For a correct earthing the upper earth sheet parts are directly 
resulting in an average stud temperature of appr. 50°C. 

In both circuits tuning capacitors are applied. They are of the 
film dielectric type withthree tags. Both earth terminals are 

fed through holes and soldered to the upper and lower earth plane. 


In the experimental phase, the coupling capacitors in the 





collector bandpass sections are of the "Micro thin-trim" 






type 1,0 - 4,0 pF. Later, they can probably be replaced by 





fixed multilayer chip capacitors. 
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The coaxial connectors are of the SMA 50 ohms type. 
They are soldered to the upper and lower earth plane. 





In general, earth connections have to be made as short as 


possible. 


3.2. Practical optimization method 


Both prototypes were built according to the results of the 
theoretical part. It proved that such a theoretical approach 
was very valuable. It led, via some relatively small modification 


to the ultimate design. 


Optimization on a small signal basis has been done with the 
circuits inserted in a network analyzer chain, having swept S 
(scattering)-parameter facilities. From this set-up one can 
examine under dynamical conditions the effect on the power gain 
(represented by S54)» input- and output impedances 

(resp. S31 and S59) and feedback (Sy5) by tuning and 
modifications on the circuit of the amplifier. 


The correction of power gain over the whole 470-860 MHz range 
is arranged by applying appropriate mismatch. The resulting 
high VSWR, especially at low frequencies, is not reduced in 


an equalizer. 







So, tuning on an S-parameter set-up means that the S54 has to 
be optimized for flat gain, and at the same time the input 
reflection damping S34 tuned for minimum at the highest frequenc: 


of 860 MHz. 
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3.3. Measured results 
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for resp. the BLW32 and BLW33 amplifiers. 
The results for two units are both given. They are numbered 
(1) and (2). 


For a clear interpretation of the 34] and S99 readings the 
expression for the reflection damping and some figures are 


given below: 


refl. damping = 20 log (S+1)/(S-1) dB 
in which S is the voltage standing wave ratio (VSWR). 


- The Netherlands 


- 2 refl. damping Perl. COCTE. > 
geo (4B ) 

eave 4 0,631 4,42 
ctr 8 0,398 2,32 
ae 12 0,251 1,67 
ak 16 0,158 1,38 
2243 20 0,1 1,22 
pets 24 0,063 1,13 
ee 28 0,04 1,08 


Examining Figs. 17a and 18a one will see that in both cases, 
the reflection damping is about 20dB so the input VSWR is 
about 1,2 near 860 MHz, whilst the output VSWR, with respect 
to 50 ohms, varies between 3 and 1,06 over the band. 


After optimization at small signals, the i.m.d. has been measured 
in a two-tone set-up. Although it is advised to apply the 


oe three-tone test method for determining the i.m.d. in case of 
gee ; a 
i 2% TV systems, the two-tone test shows a good correlation with 
SaE 
SExy the former (Ref. 6). 
woe 
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In practice this means that for a three-tone test with the 

tones at -7, -8 and -16dB below the OdB peak sync. level, 

the in-band i.m. product has to be at least -60dB down, 

whilst the same amplfier has to show a distance of two i.m. 
products d. of at least -47dB with respect to one of the equal 
tones in case of the two-tone test with equal peak output power. 


PHILIPS 


The results are given in the curves of Figs. 19a, b and 20a, be 


For these amplifiers, of which two each have been constructed 
and measured, the results are according to the expected ones 
for wide-band operation. 

At three channels the peak sync power for a three-tone i.m.d. 
of -60, -56 and -52dB has been measured too. 

Fig. 21 gives an impression of the average -60dB results of the 
BLW32 and BLW33. 


Channel nr. BLW32 BLW33 


21 (471,25 MHz) | 445mW | 1286mW 
39 (615,25 MHz) | 671mW | 1308mW 
70 (863,25 MHz) | 500mW 941mW 
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(average of two amplifiers) 
PaGis. 21 
Tables 2 and 3 show the more complete test results. 


Comparing the afore mentioned three-tone (-60dB) results with 
the two-tone (-47dB) figures it appears that: 
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As for the single amplifiers the typical low frequency decoupling 


elements are divided over the bias circuit and the amplifier 
circuit. This was done because in case of concentratina. al] 
low-frequency decoupling elements on the bias board, parasitic 


oscillations occurred. 


To get some idea of the reproduceability of practical amplifiers, - 
two equivalent units have been built. They are screwed to heatsinks 
having a thermal resistance of appr. 2°C/W. So for an average 
ambient temperature of 25°C the stud temperature rises to about 
48°C for a power dissipation of about 11,5 Watts. 


For the single amplifiers described, the straight forward 

method of small signal tuning at the S-parameter equipment and 
afterwards the two-tone test was followed. Via this method 
reliable results could be obtained. 

However in case of the double amplifier it appeared to be rather 
difficult to find the optimum between an acceptable flat gain 
curve and sufficient output power with low i.m.d. | 
Because there is a correlation between the single tone 1dB 
compression point and the i.m.d. of a linear amplifier, the 
following dynamic way of tuning was applied: 

For the BLW33 compression starts around 2W output. The gain of the 
complete amplifier is appr. 20dB so appr. 20mW (+13dBm) drive 
power should be sufficient. This amount of swept power is availab] 
from the sweep oscillator HP8620C in combination with RF plug-in 
unit HP86222A. Because of internal ALC the swept output power level 
is very stable and almost unaffectable by the strong input VSWR 
variations of the BLW32 amplifier. 
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- for the BLW32, the channel 21 and 39 results are somewhat 


better (3-18%) when measured under three-tone conditions, 
whilst the channel 70 figures are about 6% lower 


- in case of the BLW33, the three tone results are somewhat 
different for both tested units. As an average they are in 
between those of the two-tone test. 


- The gain figures are about the same. 
For a description of the two-tone and three-tone test chain 
and the way of testing one is referred to Refs. 5 and 6. 


4. COMBINED AMPLIFIER WITH BLW32 AND BLW33 


4.1. Practical considerations 
As an experiment both amplifiers, being tuned for optimum 
performance, were cascaded. In that case the output of the BLW32 
has to accept the mismatch, specially at lower frequencies, 


caused by the BLW33 amplifier. 


The gain (Soy) becomes appr. 20dB, whilst the input and output 
reflection damping of the combination show-somewhat different 


values. However, the trend is the same. 


From this experiment the idea came to integrate both amplifiers 
on one p.c. board. The easiest solution was the direct connection 
of the two 50 ohms striplines, maintaining the blocking capacitor 
C, (Fig. 12) and concentrating the elements C1 (Fig. 11) and 

Cy (Fig. 12) in a new single tuning element. 


Fig. 22 shows the total circuit diagram Fig. 23 the p.c. board 
and Fig. 24 the lay-out of the amplifier part. 
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To create an amplitude variation the sweep generator is 


amplitude modulated (AM input) with a square wave pulse generated 


with a PM5715 pulse generator. 
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The output of the amplifier under test is now again attenuated 
(about 20dB), detected and supplied to an oscilloscope being 
horizontally driven by means of the available sweep output of 
the HP8620C. 


Fig. 25 shows the block diagram of the measuring set-up, and 
Figs. 26a, b and c screen pictures of the swept output power for 
different input levels (+7, +10 and +13dBm) in which compression 
is clearly shown. 

From above mentioned experiments it appeared that the blocking 
capacitor, Cio in Fig. 22, better could be decreased to 8,2 pF. 


4.2. Measured results 
Being tuned for a good large signal behaviour the i.m.d. results 
of both amplifiers constructed are given in Figs. 27a and 2/b. 
Figs. 28a and 28b resp. show the gain curves for an input power 


of 5mW (+7 dBm) and Figs. 29a, b and c the S-parameter 
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The peak sync. power for a three-tone i.m.d. of -60, -56 and 
-52dB has been measured at three channels. Fig. 30 shows the 
-60dB results for the combination nr. (2). 





Channel nr. BLW32-BLW33 







1045 mW 
895 mil 


21 (471,25 MHz) 
39 (615,25 MHz) 






















587 mW 


es 70 (863,25 MHz) 
oF 
FE — Pe sync for -60dB i.m.d. 
BE : (amplifier nr. 2) 
UW OW 
£7 en | 
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Table 4 shows the more complete test results. 
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Comparing the two-tone (-47dB) and three-tone (-60dB) results 

it appears that: 

- the combination BLW32/33 shows appr. equal results for channels 
21 and 39. However the channel 70 results are somewhat lower. 


- the gain figures are about the same. 


9. CONCLUSIONS 


5.1. On preceding pages the theoretical and practical designs have been 
described of some wide-band (470-860 MHz) high quality linear 
amplifiers, utilizing the BLW32 and BLW33 transistors operating 


in class A. 
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The class A operation points, in these wide-band applications, 
differ somewhat from those being published in the Data sheets 
for narrow band applications. This led to a better wide-band 
loading, what again resulted in a better i.m.d. performance. 
5.2. The flatness of the power gain versus frequency is obtained by 
applying an increasing amount of mismatch when the frequency 
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becomes lower. 


This can be seen as a disadvantage of the system, because the 
preceding driver stage has to accept that mismatch. 
In the present combination, however, the driver is so large 


that no difficulties are experienced. 


and materials 
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RECOMMENDATIONS 


6.1. A flat power gain characteristic combined with a low input 
VSWR may be obtained by: 


PHILIPS 


a. applying an equalizing network at the input. 


b. a coaxial isolator or circulator at the input. 
However, these devices have restricted bandwidths. 





Cc. applying the method being followed in C.A.B.-report 
ECO 7704 (Ref. 5) in which two equal amplifiers (with BLW98) 
have been connected in parallel with the aid of two wide-band 
3dB-90° coaxial hybrids on a 50 ohms basis. 
In that configuration the output power will be nearly doubled, 


The Netherlands 


whilst the input VSWR of the system becomes max. 1,2, a 

value mainly given by the properties of these devices. 

The refiected power will be absorbed in the resistor matching 
the isolated port. 


A suitable type of hybrid is the ultra-miniature 3dB-90° 
coupler, model 10264-3 (range 0,5 - 1,0 GHz) or 1H 0264-3 
(range 0,44 - 0,88 GHz) from Anaren Microwave Inc. 
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Compared with the rest of the components such an arrangement 


is rather expensive. 


If one wishes to construct the couplers oneself it can be done 
with "wire-line" type BH 10 of Sage. The assembling, however, 


asks for special tools. 
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6.2. In this report a number of measuring methods are given. 
It could be considered to apply the swept compression test method 
with an external wide-band amplifier (no need for linearity) 


PHILIPS 


and the external ALC possibility for testing amplifiers asking 
for more drive power. 


7. REFERENCES 

Ref. 1: A.H. Hilbers - Large signal behaviour of r.f. power 
transistors. 
Part 1. Analysis of the equivalent circuit, 
Electronic applications bulletin, Volume 31, 
number 3, 1972, pp. 135-150. 


Netherlands 


Ref. 2: J. Mulder - Large signal behaviour of r.f. power 


- The 


Product Division Electronic Components and Materials 


transistors. 
Part 2. Computer program, 


















Electronic applications bulletin, Volume 31, 
number 4, 1972, pp. 218-233. 


: G.L. Matthaei, L. Young and E.M.T. Jones - 
Microwaves filters, impedance-matching networks, 


CO 


Ref. 


The contents of this report are not to be reproduced, in whole or in 
part, nor disclosed to third parties without the written consent of 


NV. Phiips’ Gloelampenfabneken - Eindhoven 


and coupling structures. 
Mc.Graw-Hil]l Book Company, New York. 


Ref. 4: 0. Pitzalis, Jr. and R.A. Gilson - Tables of impedance 
matching networks with approximate prescribed attenuation 
versus frequency slopes. 

IEEE Transactions on microwave theory and techniques, 
Vol. MTT-19, no. 4, April 1971, pp. 381-386. 


Ref. 5: A.H. Hilbers and M.J. Képpen - Design of a wide-band 







2 
OEE linear power amplifier (470 - 860 MHz) with two 
20 
6 SE transistors BLW98. C.A.B. report ECO 7704. 
SEx 
wi 8 & 


Central application laboratory CAB Eindhoven - The Netherlands 





information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


656 


8222 031! 76361 


Report No.: FCO 7806 PageR 23 





\ 
N 
\ 

\\y 


AANANAN 












PHILIPS 








ee ZZZB-O 502 
Son O-ZZA} g 
Z 
iA 
Z 
C2? Z 
: Z 
r 
I R; 
eae BAWw62 
5. 9 
203 
sett 
o = & fs | 
er rig. I = 
a= SE 
sfa2 | 
zx .?2 Z. = 
: age CLLAALL Ly 4 LE 
e as 5 BLw 33 Ls Z L7 Cit Le Z 
~ PAY 4 
S255 Gy } g 
eae SZ 3 
esse Ly Cy Le L3 3 Z Lio 
+E) | some ZAHeeZAK) tbe son 
5284 Ale Cc Z 
5223 aq | g eee” 
3G 3 & 4 4 
vee 4 *F* Bc Lop 
face 8y YS Z 
Heh tH ell teeta Z 





2 
oO QO- 
20 i. 
= { 
Loo Mig. 12 
55 
525 
0 
2®oe 
Ll O oO 


Hay | Central application laboratory CAB Eindhoven - The Netherlands 


Information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 





657 


8222 031 76361 


Electronic 


Report No.: ECO 7806 PageR 24 


Ref. 6: M.J. K6ppen - The BLX98 as a linear amplifier at 1 GHz. 
C.A.B.-report ECO 7601. 
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oe IST OF COMPONENTS 


8.1. BLW32 amplifiers (Figs. 11, 13, 15) 
Cy = 8,2pF, multilayer ceramic chip capacitor, ATC (American 
Technical Ceramics) type 100A-8R2-J-Px-50. 
2 C14 = 1 to 3,5 pF film dielectric trimmer (cat. no. 
2222 809 05001). 


C. = Cg 100nF, polyester capacitor 


oO) 
Ul 


Cy = Cg = 100pF, multilayer ceramic chip capacitor (cat. no. 
cile Boe Vol) }.: 
Cy. = 470nF, polyester capacitor 


Ce = Ca = 6,5 uF, 63V, electrolytic capacitor 
= 1 to 4pF, micro thin-trim, Tekelec Airtronic part no. 
AT9401-4-SL1. 


rm 
—_ 
t 


= big = stripline (2. = 502), width 4,0 mm. 
L, = stripline (Z, = 37.62), 11,5 x 6,0 mm. 
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Ly = 470nH, microchoke , 
La = stripline (2. = Gy yOwls. 330 x 6,0 wy 
Le = strindline (2. = 1022) , 4,8 x 1,0 mm. ‘ 
La = Le = stripline (Z. = 1022), 20,8 x 1,0 mm. 
L, = stripline (Z, = 1022), 19,3 x 1,0 am 
Lg = stripline (Z. = 1022), 23,4 x 1,0 mm. 
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Ry = R. = 102 (+ 5%) carbon resistor CR25 type. 

Ro = 332 (+ 5%) carbon resistor CR25 type. 

Ry = 2202 (+ 5%) power metal film resistor PR3/ type. 
Re = 182 (+ 5%) power metal film resistor PR52 type. 
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he 2202, cermet preset potentiometer. 
Rz = 1502 (+ 5%) carbon resistor CR25 type. 
Rg = 1,8k2 (+ 5%) carbon resistor CR25 type. 


D, = BAW62. 


8.2. BLW33 amplifier (Figs. 12, 14, 16) 


C1 = (, = Cy = 100pF, multilayer ceramic chip capacitor 
(Cate iis. 2227 652 19101). 


The Netherlands 


Product Division Electronic Components and Materials 


| Cy = 2,/pF multilayer ceramic chip capacitor, ATC type 
100A-2R7-B-Px- 50. 
C2 = Ci0 = 1 to 3,5pF film dielectric trimmer (cat. no. 


2222 809 05001). 
Cy = Cio = 100nF, polyester capacitor 
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Ce = 470nF, polyester capacitor 
C5 = Cg = = 6, »8 UF, 63V, electrolytic capacitor 
C115 = 1 to 4 pF, micro thin-trim, Tekelec Airtronic part no. 
AT 9401-4-SL1. 
Ly = Lio = $tripline (2. = 502) width — mm. 
Lio = stripline (Z. = 1022), 9,6 x 1,0 mm : 
L3 = stripline (Z. = 37,62), 5,3 x 6,0 mm. 
La = 470nH, microchoke : 
Le = stripline (Z,. = 37,562). 3,0 x 640 i 
Le = stripline (Z. = REN 16,2 x 1,0 mm. ; 
Ls = Lo = stripline (Z. = 1022), 21,7 x 1,0 we 
Lg = stripline (Z. = 102), 20,4 x 1,0 mm. 
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Ry = Rg = 102 (+ 5%) carbon resistor CR25 type. 

Ro = 332 (+ 5%) carbon resistor CR25 type. 

Ra = 2202 (+ 5%) power metal film resistor PR3/ type. 

Re = 102 (+ 5%) enamelled wire-wound resistor WRO617E style 


Re = 1kQ (+ 5%) carbon resistor CR25 style. 
R, = 2202, cermet preset potentiometer. 


7 

Re = 1502 (+ 5%) carbon resistor CR25 style. 
Ro = 1,8k2 (+ 5%) carbon resistor CR25 style. 
D, = BAW62 . 
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PC. BOARDS: 


fe inch PTFE 
Bovble Cu clad 
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Ww 
a. 


so 
mmm | 8-3. BLW32-BLW33 amplifiers (Figs. 22, 23, 24) 
| C, = Cio = 8,2pF, multilayer ceramic chip capacitor, 
a. ATC type 100A-8R2-J-Px-50. 
Cy = Ci = C33 = Cn9 = 1 to 3,5pF film dielectric trimmer 


(cat. no. 2222 809 05002). 
C, = Cg. = Ci4 = Co = 100 nF, polyester capacitor. 
Cy = Co = Cis = Cr9 = 100pF, multilayer ceramic chip capacitor, 
(cat. no. 2222 852 13101). 


Ce = C7 = 470nF, polyester capacitor. 
Ce = Co = Ci = Cig = 6,8 uF, 63V, electrolytic capacitor. 
Ci = C59 = 1 to 4pF, micre thin-trim, Tekelec Airtronic 
oe: part no. AT 9401-4-SL1. 
a Ly = Lio = Lig stripline (Z. = 509), “_ 4,0 mm. 
e285 Lo = stripline (Z. = 37,62), 11,5 x 6,0 mm”. 
silg L. = Ly, = 470nH, microchoke. ; 
sigs Ly = Lig = stripline (Z. = 37,62), 3,0 x 6,0 mm. 
gta L, = stripline (Z. = 102), 4,8 x 1,0 mm. 
ay Lg = bg = stripline (Z, = 1020), 20,8 x 1,0 mm°. 
aur L, = stripline (Z, = 1020), 19,3 x 1,0 mn | 
ate Lg = stripline (Z, = 102a), 23,4 x 120 Li 
£328 Lj, = Stripline (Z. = 102%), 56) x1.50 ue 
Lio? stripline (Z. = 37,62), 553 Xb 40 a 
Eig: = Lag = stripline (f 2G )y2l.7 x 10 we 
Lig? stripline (2s = 1020), 16,2 x 1,0 - 
Lig = stripline (Z. = 1022), 20,4 x 1,0 mm. 
R, = R. = Rg = Rage = 10Q2 (+ 5%) carbon resistor CR25 type. 
Ro = Rio = 332 (+ 5%) carbon resistor CR25 type. 
Ry = Ryo = 2202 (+ 5%) power metal film resistor PR3/ type. 
2 Re = 182 (+ 5%) power metal film resistor PR52 type. 
Wi O & 
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Re = Ri7 = 2202, cermet preset potentiometer. 

R7 = Ry5 = 1502 (+ 5%) carbon resistor CR25 style. 

Re = Ri¢ = 1,8k2 (+ 5%) carbon resistor CR25 style. 

Ri3 = 102 (+ 5%) enamelled wire-wound resistor WR 0617E style. 
Rig = 1kQ (+ 10%) carbon resistor €R25 type. 

D, = Ds = BAW62. 
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A WIDE-BAND LINEAR POWER AMPLIFIER (470-860 MHz) WITH TWO 


TRANSISTORS BLW34 _ 


A.H. Hilbers and M.J. K&ppen 


For application in driver or final stages of TV-transposers in band IV/V 
(470-860 MHz) a linear wideband power amplifier has been designed with 

2 transistors BLW34 coupled by means of 3dB-90° hybrids. 

Each transistor is adjusted in class-A at Ver = 25V- and i = 0,6A. 

The peak sync output power for a 3-tone I.M. distortion of -60dB 


varies between 3,6 and 5,4W. 


| The power gain is 9,1 + 0,3dB. 
Input and output VSWR are below 1,3. 
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SUMMARY 


Fig. A shows the basic circuit of the prototype with two 
transistors BLW34 both operating in class A. 
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The amplifier consists of two equal branches. Both are coupled at 
the input and output side by means of 3dB-90° coaxial hybrids 
(500-1000MHz). 


The circuit is mounted on a double-clad printed circuit board. 
To keep the losses in the transforming strip transmission lines 
sufficiently low the dielectric is PTFE glass fibre with an 
S5.= 2,/4 having a thickness of 1/32 inch. The fixed capacitors 
of the r.f. chain are of the ceramic multilayer chip type. 


To obtain a high degree of linearity (-60dB i.m.d., three 
Specified tones) the transistors have to operate in class A. 
This class A adjustment is controlled by means of the circuit 
of Fig. B. Each branch needs such a supply unit. 


The circuit contains all typical elements to assure stable and 
Spurious-free operation even under mismatched input and output 
conditions. The applied decoupling elements have been chosen so 
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that the effect on the video step response is very small. 


The theoretical design started with the output side in which 

the optimum load impedance (class A) varied between 12,8 + j11,0 
ohms at 470MHz and 5,4 + j 7,7 ohms at 860MHz. 

The output capacitance of the BLW34 is tuned out with the 
collector choke in the middle of the band. 

Further, wide-band transformation to the 50 ohms amplifier load 
is arranged with the aid of a Chebyshev transforming network. 
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On the transistor input the impedance ranges from 1,5 + jl,9 ohms 
at 470 MHz to 1,3 + j4 ohms at 860 MHz, whilst the power gain 
varies with appr. 5dB/octave. 
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Reducing the gain variation based on permitting input mismatch 
at the lower frequencies has been done according to a method 
described in Ref. 1. 


The design has been theoretically optimized with the aid of a 
computer. | 

For practical optimization and tuning the amplifier was inserted 
in a dynamic gain compression test set-up. 


Fig. C shows the small signal input and output reflection damping 


- The Netherlands 


Product Division Electronic Components and Matenals 


(S34 and 599 , whilst the power gain versus frequency is 
represented by the S51 curve. 


- Eindhoven 


These results are given for two heatsink temperatures viz. 
23 and 70°C. 


The output power P versus frequency for a_three-tone 


Oo sync 
linearity of -60dB is shown in Fig. D. 
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INTRODUCTION © 
This report describes the realisation of a wide-band UHF power 


amplifier for TV transposer service in band IV and V 
(470-860MHz). 


The amplifier 1s designed with the new BLW34 transistors being 
developed for ultra linear applications operating in class A. 


Each device is able to deliver at least 1.8W peak sync -output. 
The BLW34 forms a series with the smaller devices BLW 33 (1,0W) 
and BLW32 (0,5W). 


The power gain at 860MHz is at least 9dB. 


The BLW34 is encapsulated in a 34 inch capstan envelope with 
ceramic cap. 


For class A operation the BLW34 is specified at Veg = 25V; 
lL. = 600mA. 


The corresponding typical gain, input and load impedances 
according to the Data sheets are given below: 


; (series) X. (series) R, (series) Xe (series ) 


quo 0 EEE 


(MHz ) (dB) (Ohm) (Ohm) (Ohm) (Ohm) 
470 1532 1,46 1,93 12,8 LL 
636 12,6 9 2,84 8,85 9,97 
860 10,1 a 4,00 5,36 7,67 
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To facilitate calculations an approximate equivalent circuit 
for the transistor input and output impedance can be given. 
It is shown in Fig. 1. 
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0,57nH 







O.7indH 








le(4 "13,5 pF 
262 





The circuit will be designed on printed circuit board with 





PTFE fibre glass as a dielectric having an Sa. 2,74 and 
thickness of 1/32 inch. 






The input and output network start with a piece of. stripline 





having a width of 6mm, being the width of the base and 






collector leads. For a dielectric of 1/32 inch the characteristic 
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resistance is 21 ohms. 






The length for the collector lead amounts to 3 mm, but the base 





lead is different in length. 









The first step in the matching is to tune out the output 
capacitance of the transistor by means of the collector R.F. choke 










This choke is executed as a stripline with a width of 1 mm 
corresponding with a characteristic resistance of 72 ohms to 





keep the parallel capacitance at this point as low as possible. 
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For practical reasons the choke is connected to the main 
transmission line at a distance of 3mm from the transistor edge. 


PHILIPS 


The design procedure is practically the same as described in 
report no. ECO 7704 (Ref. 2) except for some small differences: 
a. the length of the collector terminal has been reduced to 


3mm to decrease parasitic capacitance at this point to a 


minimum. 


the characteristic resistance of the series lines has been 
increased to 72 ohms to reduce the stze of the p.c. board. 


|o 


The results of the calculations before and after computer 


optimization are given in Fig. 2 and table I. 


WHE?! TA JQ 
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Saas is the maximum VSWR of the network. 


The lenghts given hold for air lines. The actual lengths on 
the p.c. board are shorter; the reduction factors are; 
1,445 for the 72 ohms lines and 1,556 for the 21 ohms line. 
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The predicted minimum output power of the complete amplifier 
with two transistors BLW34 is: 


O 
94 ee: : 
Pp = e ore = oo ees ae ° 0,95 = 2,8 Watts 


9 max 





ae is the minimum output power of one transistor in a narrow 
it 

band <circurt, aay 

represents the power loss of the hybrid coupler at the output. 


1S as specified above and the factor 0,95 


2.3. The_input_network 


The design procedure is again almost equal to that given in 
Ref. 2. The only small differences are: 


a. the length of the base terminal has been reduced such that 
it has just the correct inductance for the first matching 
section. The width is 6mm, corresponding with an Rc of 
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21 ohms. 


the Rc of the other series line has been increased to 72 ohms 


[om 


for the same reason as in the output network. 


The results of the calculations are summarized in Fig. 3 
and table II. 
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AG is the resulting power gain variation caused by the 
transistor and the input network over the frequency band. 
The lengths of the lines hold for air as a dielectric. 
Transformation to striplines on a p.c. board is done in the 
Same way as in the previous section. 







The minimum power gain of the complete amplifier with two 
transistors BLW34 is expected to be: 







Gy = G, : 2A. = A, : Ao 
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in which: G, = minimum power gain of BLW34 in a narrow band 
circuit. 

A,, = power loss of one hybrid coupler 

A, = reflection loss of input network 

Ao = reflection loss of output network 


In practical figures this means: 


G 9,0 = 2. 0,2 = 0.15 = 005 = 6,408 


0 


The input VSWR of a single amplifier was calculated to vary 
from 11 at 470 MHz down to 1,45 at 860 MHz. 


THE HYBRID COUPLED AMPLIFIER 


. Practical considerations 


On previous pages the theoretical approach of a single 
amplifier has been discussed. 


In practice, it was the intention to realize a small compact 
amplifier on a p.c. board with the input and output terminal 
(Rc = 50 ohms) in line for easy cascading of several amplifiers. 


Besides the wide-band properties it is the intention to obtain 
a higher output power, so two BLW34 branches are connected 


in parallel. 


At the same time it is of course rather unacceptable that the 
amplifier loads a driver stage with a mismatch causing a VSWR 
of 11 at 470MHz. 


Both problems may be solved sufficiently by applying two BLW34 
branches in parallel with the aid of two wide-band 3dB-90° 


coaxial hybrids on a 50 ohms basis. 
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In this configuration the output power will be nearly doubled; 
reduction of the input VSWR of the complete system to a value 
of around 1,2 may be explained from the properties of the 
coupler applied. The reflected power will be absorbed in the 
resistor matching the isolated port. This resistor is 50 ohms 
and consists of two 100 ohms power metal film resistors in 
parallel. The same has been done on the output side. 
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The p.c. board needs to be double copper clad with a PTFE fibre 
glass dielectric (€,. = 2,74) for low losses at UHF. 
A tnickness of 1/32 inch has been chosen; so the 72 ohms lines 


are lmm wide. 


Fig. 4 shows the circuit diagram of the complete 2xBLW34 
class A amplifier. The biasing circuit is drawn in Fig. 5. 


The p.c. board is in Fig. 6 and the amplifier lay-out in Fig. 7. 


For a correct earthing the upper earth sheet parts are 
connected to the lower sheet by soldering copper straps at the 
edges of the p.c. board. The black parts in Fig. 7 are the 
soldered copper straps. 
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The emitters are grounded as short as possible by applying 
copper straps under the emitter leads. For that reason the 
holes in the board are square instead of round. 


Both transistors are screwed to a water-cooled brass heatsink. 
So, several heatsink temperatures can be applied by means of 
a TAMSON unit supplying water with a thermostatically 
controlled temperature. 
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The tuning capacitors in the circuit are of the film dielectric 
type with three tags of which both earth terminals are fed 
through small holes and soldered to the upper as well as the 
lower plane. Fixed capacitors in the r.f. path are of the 
multi-layer ceramic chip type. 


The coaxial connectors are of the SMA 50 ohms type, being 
soldered to upper and Tower sheet. 


We started with optimization on a small signal basis with the 
circuit inserted in a network analyzer chain, having swept 
S-parameter facilities. 


So far, similar tuning methods have been applied as described 
in Refs. 2 and 4. 


Because it is rather complicated to find the best compromise 
between an acceptable flat gain curve (S51) and sufficient 
output power with low i.m.d. a dynamic large signal optimization 
method has been realized. Fig. 8 shows the block diagram. 


This tuning method is based on the correlation between the 
Single tone 1dB compression point and the i.m.d. Figure of a 
linear amplifier. 


In this set-up the swept output power level of the amplifier 
under test is kept constant and the required (detected) drive 


power monitored on an oscilloscope screen (PM3260). 


The swept drive power is available from the sweep generator 
HP8620C in combination with RF plug-in unit HP86222A. 

Because the output power of this system is too low viz. 

appr. 20mW (+13dBm) a combined amplifier with BLW32 and BLW33 
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(Ref. 4) has been added. The latter combination shows an overal] 
gain of approx. 20dB in the range 470-860MHz. 

When the circuit under test is inserted in the chain of Fig. 8, 
the input power measured on port C of hybrid 1 corresponds in 
principle with the gain curve (S54) being measured with the 
network analyzer; in fact one is the inverse of the other. 


PHILIPS 


When the drive level is slowly increased, the shape of the 
gain curve changes somewhat when compression starts. 

By careful retuning of the amplifier the shape of the gain 
curve can be corrected again in the direction of the original 


smaller signal curve. 


The actual single tone output power has been measured with the 
a-d of the calorimetric watt meter HP435A when the action of 
the sweep is stopped. Also it is possible to examine the 
output signal itself by means of a spectrum analyzer being 
loosely coupled via a 50 ohms pick-off device. 


Resuming it can be said that the advantage of applying this 
high level tuning system is characterized by the fact that the 
output power is leveled and so compression does not start 
earlier due to gain fluctuations of the amplifier. 

This makes the judgement of the compression level easier. 
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3.3. Intermodulation, VSWR and gain measurements 
For i.m.d. measurements on television systems the post offices 
advise and apply the 3 tone test method (vision carrier -8dB, 
sound carrier -/7dB, sideband signal -16dB; zero dB corresponds 


to peak sync level). 


For this reason a wideband test set-up has been realized. 


The block diagram is in Fig. 9. 
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In this set-up first the sound and vision carriers are joined 
in the wide-band coaxial hybrid H,- 

Then the sideband signal from the (smaller) generator SMLU is 
added in hybrid Ho. 


The complete three-tone signal passes a low-pass filter 
(700 or 1000 MHz cut-off depending on input frequency) 

a continuously variable attenuator and a circulator 
(three different types needed to cover at least the range 
470-860 MHz). 


The output power is measured with a HP435A calorimetric watt 
meter and the i.m.d. observed with a spectrum analyzer 
(HP8558B) . 


Fig. 10 shows the three-tone i.m.d. results measured on the 
complete hybrid coupled 2xBLW34 amplifier. To get an idea of 
the P drop for different heatsink temperatures, 
measurements have been done for Tus = 23°C and Tus = 70°C. 

; . ; ; 
The maximum drop in 6 sync amounts to 1,1dB. . 
Besides the three-tone test the peak envelope power has been 
measured in a two-tone way for a third order i.m.d. of 
d. = -47dB. The two-tone test set-up corresponds to the one 
described in Ref. 3. 


It can be proved that there is a correlation between the 
afore described -60dB three-tone and the -47dB two-tone test 
method. 
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It is known that the advantage of video precorrection on i.m.d. 
amounts to values up to 10dB. Calculating with an average of 
8dB, the two-tone i.m.d. for d, = 39dB is interesting. 

From Fig. 11 it may be seen that the output power is more than 
doubled. Both tests have been done for heatsink temperatures of 
resp. 23 and 70°C. 





PHILIPS 











Finally input and output VSWR and gain figures were measured 
only under small signal conditions. The results of amplifier 
branches 1 and 2 for a heatsink temperature of 70°C are shown 
in Figs. 12a, b, c. The VSWR figures of the input and output 
are expressed in reflection damping (resp. S34 and S59) on 



















a 50 ohms basis. 


According to Fig. 12a the minimum reflection damping of the 
input amounts to 3317 -1dB (VSWR = 17,4).at 470MHzZ and to 
S11 = 710dB (VSWR = 1,93) at 860MHz. 

On the output side the worst reflection damping amounts to 


S59 =-5,5dB (VSWR = 3,26) in the middle of the passband (Fig. 12c 
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The power gain, represented by So1> is appr. 9,5dB (Fig. 12b). 


Resuming it can be said that, as Fig. 12 shows, the differences 
in gain, input and output VSWR between both branches are rather 


small. 


Figs. 13a, b, c show the final results of the complete hybrid 
coupled amplifier. Examining the $44 and Soo figures it appears 
that the minimum input reflection damping (S34) amounts to 
appr. 18dB, what corresponds with a maximum VSWR of 1,29. 
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The latter value may be mainly explained from the specified 
maximum VSWR = 1,25 of the applied Anaren hybrids. 

If more attention is paid to matching of the isolated ports 
the result may be improved. The matching consists of two metal 
film power transistors of 100 ohms in parailel. 

They have low-frequency tolerances of 5%. 


PHILIPS 


The small signal gain of the complete amplifier amounts to 
9,1 + 0,3dB for T,, = 23°C, whilst the dashed line shows the 
results for Ty. = 70°C being 8,9 + 0,3dB. 


The temperature influence on the 34] and S99 figures is almost 


negligible. 


4, CONCLUSIONS 
On preceding pages the theoretical and practical design has been 
described of a wide-band (470-860 MHz) high quality linear 
amplifier being equipped with two BLW34 transistors operating 


in class A. 


~ 


‘There are some small differences between the theoretical design 
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and the practical circuit. 


- The calculated value for the chip capacitors C1 = Cio = C13 = 
Ci4 in Fig. 4 was 10pF. In practice 8,2pF appeared to be a 


better choice. 


- Also the values of Cig = C40 = Co = Coos being calculated as 
4,7pF are changed. The new value is 3,9pF. 


- In the first instance a chip capacitor of 1,5pF in parallel 
with C53 and Co¢ was planned. However this capacitor could be 


omitted in the operational circuit. 
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The expected results for a single amplifier: Go a = 8,8dB; 
and P = 1,5W at a three-tone i.m.d. of -60dB and 


oO sync 6 
G, min = 8»4dB and P, sync. ~ 2,8W for Ty. < 70 C are 
realized in this design. 


Here, we have calculated with a total insertion loss of 0,4aB . 
for the applied hybrids. They are specified for a maximum of 
0,25dB per device (1,06 x power). 
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6. LIST OF COMPONENTS 

17 Cy = 2,2pF, multilayer ceramic chip capacitor. 
Tekelec-Airtronic part no. 500 R15 N2R2 BA 

= C43 = C56 = 1,4 to 5,5pF film dielectric trimmer 
(cat. no. 2222 809 09001). 

Cy = Cy = Coa = Cos = 100pF, multilayer ceramic chip capacitor 

7 (Cat. no. 2zZe2 851 13101). 

Cy = Ce = Cog = 100nF, polyester capacitor. 

Cg = Cio = Cie = Cig = 100pF, multilayer ceramic chip capacitor 

(€at..no. 2222-852 13101). 


Chi = Cio “ C33 = Cia = 8,2pF, multilayer ceramic chip 
capacitor, ATC (American Technical Ceramics) 
type 100A-8R2-J-Px-50. 
C17 = C18 = Cog = 6 ,8uF, 63V, electrolytic capacitor. 
Cig = Coo = Coy = Coo = 3,9pF, multilayer ceramic chip 
capacitor, Tekelec-Airtronic part no. 500 R15 N39 CA. 
C57 = 470nF, polyester capacitor. 
R, = Ro = Re = Re = 1002 (+ 5%), power metal film resistor 
PR37 type, (cat. no. 2322 191 31001). ~ 
R, = Ry = Re = 102 (+ 5%) carbon resistor; CR25 type. 
RA = 332 (+ 5%), carbon resistor; CR25 type. 
Rg = 2202 (+ 5%), power metal film resistor PR52 type 
(Cat. nos.2322 19232201): 
Rig = 9,6% (+ 5%), enamelled wire-wound resistor WRO617E style. 
Ry, = 8.22 (+ 5%), enamelled wire-wound resistor WRO617E style. 
Ri9 = 1002, cermet preset potentiometer. : 
Ry3 = 1202 (+ 5%), carbon resistor; CR25 type. 
Rig = 1,8k2 (+ 5%), carbon resistor; CR25 type. 


H, = Ho = ultra-miniature 3dB-90° coupler 
model no. 10264-3, range 0,5-1,0GHz. 


Anaren Microwave Inc. 
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L, = Ly = stripline (Zc = 720), 22,1 x 1,0nm* * 
Ly ~ Le = Lun; microchoke ok 
L, =, = Stripline (Zc = 212), 6,7 x 6,0mm 

L, = Lg = stripline (Zc = 218), 3,0 x 6,0mm* * 
Lo = Lig = stripline (Zc = 720),15,2 x 1,0nm? * 


Li = Lyp = stripline (Zc = 72), 14,3 x 1,0nmé * 


= Liq = stripline (Zc = 722), 29,9 x 1 ,Ommé ‘ 


X These striplines are printed on double Cu-clad printed 
circuit board with PTFE fibre-glass dielectric (e,, = 2,74); 
thickness 1/32". 
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ABSTRACT 


For application in driver or final stages of TV-transposers in band IIT 
(174-230MHzZ) a linear wideband power amplifier has been designed with 

| 2 transistors BLV 33, coupled by means of 3dB-90° hybrids. 

Each transistor is adjusted in class-A at Vor = 25V and Ip = 3,25A. 

A demonstration model showed a peak sync output power of 40W at a 
3-tone I.M. distortion between -56 and -58dB. At this power level 

the cross-modulation varied from 6 to 7,5%. 


The power gain is between 8,35 and 8,6 dB. 
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1. INTRODUCTION 


For application in T.V. transposers and transmitters for band 

IIT a wideband linear power amplifier has been designed with 2 
transistors BLV 33, coupled by means of 3dB - 90° hybrids. 

Each transistor is adjusted in class-A at Vor = 25V and l. = 352 5K: 


PHILIPS 


2. Design of the amplifier 


For class-A operation the BLV33 is specified at Vopr2ovady =325hs 


The corresponding typical gain, input and load impedance are 
given below: 


Freq. Gain Input Impedance Load Impedance 
(MHz ) (dB ) (Ohm) | (Ohm) 

174 i s3 0,68 + j1,20 25/0 + j1419 
202 10,1 0,68 + j1,43 2 30.4 40,87 
230 9,08 0,68 + j1,64 1,99 + j0,52 


A computer-aided circuit design, carried out by-Mr. Hilbers 
(Central Application Laboratory) indicated a gain of 9,1dB + 
0,1dB and V.S.W.R. figures of 4,3 (170MHz), 2,78 (202IHz) and 
1,18 at 230MHzZ for a single amplifier. 

To obtain a high linear output and at the same time good input 
and output matching (V.S.W.R. < 1,2) 3dB - 90° hybrids 

are used. The reflected input power will be absorbed in the 
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50 Ohm resistor, matching the isolated port (see Fig. 1). 
There are some small differences (value and place of chip 
capacitors) between the theoretical design and the practical 
circuit. For detailed information on computer-aided design see 
ref. 1-2-3. 

Mainly due to the insertion loss of the 3dB hybrids the gain 
drops from 9dB to 8,5dB. 
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Pe Special attention has been paid to the surface finishing to keep 
P= oS the thermal resistance as low as possible. 
Seo Fig. 3 showed the p.c. board and lay-out of the amplifier. 
Wo Dimensions: 1=224mm - w=223mm - h=ll3mm. Weight: 7,5 kg. 
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The transistors used in this particular amplifier are typical 
products, measured in a narrow band test amplifier and specified 
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as follows: 

Vog = 25V - I=3,25A - Th=70°C 

Transistor type : BLV33 

Batch no. : MD 8-14 no 5 MD 8-14 no 10 
Vision frequency “ 224 ,25MHz 

Output power (peak sync) : 22.9W 22,6W 
Intermodulation product : -55dB -55dB 

Gain : 9 ,03dB 9,11dB 


3. Adjustments of the amplifier 


The amplifier consists of two equal BLV33 branches (see fig.1) 
and both transistors are seperately biased at Vopreovs 1Q=3,25A. 
A schematic diagram and lay-out of the bias unit is given in 
fig. 2. Each branch was adjusted for maximum and flat gain by 
means of a high power sweep with a frequency range from 170 to 
230MHz. The output power of the amplifier was leveled at 40W 
which means about 50% of the D.C. input power. 

After that, both branches are coupled by means of 3dB - 90° 
hybrids, input and output matching of the complete amplifier 
are adjusted below a V.S.W.R. of 1,2 with the aid of capacitors 
C1-C2-C37-C38 as shown in fig. l. 
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Assembling of the amplifier and mechanical data 


Due to the dimensions of the p.c. board (220 x 210mm) 2 extruded 





blackened aluminium heatsiks (cat. no. 56293) are screwed 





together. The transistors are screwed on an aluminium plate 
(thickness 12mm) which on its turn is screwed on the heatsink. 
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Measured results 


Frequency range 
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Output power (peak sync) 
I.M. distortion 

Cross modulation 

Output power for 1dB 
gain compression 

Gain at 40W output level 


Ambient temp. 


Heatsink temp. 
Transistor stud temp. 


complete amplifier. 
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A photograph of the amplifier is shown in fig.4. 


Input and output V.S.W.R.: 


In fig. 5 the typical results of crossmodulation and 
intermodulation measurements on a demonstration amplifier 
have been given. Figs. 6 and 7 shows the S-parameters of the 


The measuring set-up is depicted in fig. 8. 


* Vision carrier -8dB, sound carrier -7dB, sideband signal -16dB, 
zero dB corresponds to peak sync level; 
fsound=fvision + 5,5MHz, fsideband=fvision-1MHz to fvision + 6MHz 


xx Vision carrier OdB, sound carrier -7dB: voltage variation of 
sound carrier (%) when the vision carrier is switched from 
-20dB to OdB;sfsound=fvision + 5,oMHz. 


PageR 3. 















£70 10.230 (HAZ 


30W 40W SOW 
-60dB  -56dB -54dB x 
3% 6/7 ,5% 10/15,5% xx 


100W 


8,5dB + 0,1dB 
ae 

25°C 

65°C. 

85°C 
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Conclusion 


Two transistors BLV33, coupled by means of 3dB - 90° hybrids, 
can deliver an output power of typ. 40W with an associated gain 
of 8,5dB. Required D.C. input power approx. 165W. 

Using a high power sweep with adjustable transistor output power 
leveling provides a suitable methode to adjust a linear wideband 
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power amplifier. 
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C10 
C18 
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C23 
C24 
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C34 
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1,5 pF, chip capacitor 

C4 = C37 = 5,6 pF, chip capacitor 

C32-= C33. = 1,8 to 10pF film dielectric trimmer 
(cat. no. 222280905002) 

C35 = C36 = 220pF, chip capacitor 


Cll = Cl2 = 18pF, chip capacitor 

C27 = C28 = 1000 pF, chip capacitor 

Cl6 = C17 = 100pF, chip capacitor 

C26 = C29 = 330 nF metalized film capacitor 


(cat. no. 222235225334) 
68 pF, chip capacitor 
56 pF, chip capacitor 
10 uF (40V) electrolytic capacitor 
(cat. no. 222212117109) 


22 pF, chip capacitor 


capacitors: ATC type 100B - C - MSX - 500) 


R2 


R4 


H2 


L2 


L6 


L5 
L8 


L12 


bad 
L14 
L16 


R5 = R6 = 100 Ohm, power metal film resistor, 
PR52 type (cat. no. 232219231001) 
10 Ohm, carbon resistor, CR68 type 
(cat. no. 23222141309) 
3dB - 90° coupler model no. 10262 -3, range 
125 - 250 MHz,Anaren Microwave Inc. 
25nH; 2 turns enamelled Cu wire (1mm); int. diam. 
5mm; length 5mm; leads 2 x 3 mm. 
90 nH; 5 turns closely wound enamelled Cu wire (1mm); 
int. diam. 4,5mm; leads 2 x 9mm 


60 Ohm stripline; w = 2mm; 1 = 30mm 


30 Ohm stripline; w = 6mm; 1 = 11mm 
20nH; Cu strip (1mm); 1 = 17mm; h = 5mm; w = 4mm 


30 Ohm stripline; w = 6mm; | = 8mm 


30 Ohm stripline; w = 6mm; | = 14mm 
30 Ohm stripline; w = 6mm; | = 4mm 
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L17 = L18 = 22nH; 2 turns closely wound Cu wire (1,5mm); 
int. diam. 4,5mm; leads 2 x 3mm 

L19 = L20 = 30 Ohm stripline; w = 6mm; |] = 6mm 

L21 = L22 = 50 Ohm stripline; w = 3mm; 1 = 15mm 


The striplines are printed on double Cu-clad printed circuit 
board with epoxy fibre-glass dielectric (e, = 4,5); thickness 
1/16 inch. 
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Rl = 150 Ohm, carbon resistor CR25 type 

R2 = 100 Ohm, preset potentiometer CTP10 type 

R3 = 10 Ohm, carbon resistor CR25 type 

R4 = 1000 Ohm, carbon resistor CR25 type 

R5 = R6 = R7 = 1,8 Ohm, rectangular wirewound resistor EH707 type 
R8 = R9 = 180 Ohm, carbon resistor CR25 type 

R10 = 33 Ohm, carbon resistor CR25 type 


Cl = C3 = 100 nF, metalized film capacitor 
C2 = 100 pF, ceramic capacitor 

C4 = 10 uF, 40V electrolytic capacitor 

D1 = BZY 88 (3V3) 

D2 = BY 206 

Tl = BD 136 
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Fige3 : P.C.Board and 2x BLV33 amplifier lay-out 
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“iz. 4: Wide-band Class-A linear power amplifier (170 - 230 fMhz) 
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ABSTRACT 

The TV transposer amplifier with 2 transistors BLW98 described in 
lreport ECO 7704 has been redesigned with the aim to increase the lower 
limit power gain by appr. 1dB and to reduce the size of the p.c. board. 
This has been achieved by increasing the number of matching sections and 
using thinner p.c. board. The transistors are operated in class-A at: 
Veg = 25V, I, = 850mA. 

The power gain varies from 7,0 to 8,1dB. For a 3-tone I.M. distortion of 
-60dB the peak sync. output power is between 6,3 and 9,2W. 


At a cross-modulation of 7% the output power ranges from 6,1 to 7,8W 
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SUMMARY 


Fig. A shows the basic circuit of the prototype with two transistors 
BLW98 both operating in class A. 
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The amplifier consists of two equal branches. Both are coupled at 
the input and output side by means of 3dB - 90° coaxial hybrids 
(500-1000 MHz). 









The circuit is mounted on a double-clad printed circuit board. 
To keep the losses in the transforming strip transmission lines 
sufficiently low the dielectric is PTFE glass fibre with an 

it 2,74 having a thickness of 1/32 inch. The fixed capacitors 







of the r.f. chain are of the ceramic multilayer chip type. 
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To obtain a high degree of linearity (-60dB i.m.d., three specified 
tones) the transistors have to operate in class A. 

This class A operation is controlled by means of bias circuits 

with BD136 or BD138 (not shown in Fig. A). 


The circuit contains all typical elements to assure stable and 
Spurious-free operation even under mismatched ihput and output 
conditions. | 

The applied decoupling elements have been chosen so that the effect 
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on the video step response is negligible. 





This circuit is a redesign of the amplifier being published in 


C.A.B. report ECO 7704 (Ref. A). The target.is 2 sync > 6 Watts 






and gain > /7dB 
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The theoretical design started with the output side in which the 
optimum load impedance (class A) varied between 9,98 + j7,31 ohms 
at 470 MHz and 4,55 + j4,33 at 860 MHz. 


The output capacitance of the BLW98 is tuned out with the collecto 
choke in the middle of the band. 

Further, wide-band transformation to the 50 ohms amplifier load is 
arranged with the aid of an 8 elements transforming network. 


On the transistor input the impedance ranges from 1,46 + j2,04 ohms 
at 470 MHz to 1,23 + j4,04 at 860 MHz, whilst the power gain 
varies with appr. 5dB/octave. 


Reducing the gain variation based on permitting input mismatch 
at the lower frequencies has been done according to a method 
described in Ref. B. 


The design has been theoretically optimized with the aid of a 
computer. For practical optimization and tuning the amplifier was 
inserted in a dynamic gain compression test set-up. 


Figs. Bl, 2, 3 show the small signal input and output reflection 
damping (Say and Soo)» whilst the power gain versus frequency 1s 
represented by the 354 curve. These results are given for a 
heatsink temperature of at least 60°C. 


The output power P versus frequency for three tone 


Oo sync 
linearities of -60, -56 and -52dB is shown in Fig. C. 


Special attention has been paid to the crossmodulation performance 
at several frequencies. The minimum - 
amounts to 6,1 Watts (860 MHz). 


sync for 7% crossmodulation 
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As the curves show the targeted P > 6 Watts and gain 


Oo sync 
> 7dB could be reached. 
The p.c. board area of the newly developed amplifier is about 


60% of the original one. 


Ref. A: 

A.H. Hilbers and M.J. Koéppen - Design of a wide band linear power 
amplifier (470-860 MHz) with two transistors BLW98. 

C.A.B. report ECO 7704. 


Ref. B: 

0. Pitzalis. Jr and R.A. Gilson - Tables of impedance matching 
networks which approximate prescribed attenuation versus frequency 
Slopes. 

IEEE Transactions on microwave theory and techniques, 

Vol. MTT-19, no. 4, April 1971, pp. 381-386. 
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1. INTRODUCTION 
In 1977 a wide band linear VHF power amplifier equipped with 
two transistors BLW98 was developed. 
The amplifier covered the TV bands IV-V (470-860 MHz) completely. 


PHILIPS 


Application report ECO 7704 (Ref. 1) contains the description 
of the theoretical aspects and practical realization. 


Since the power gain of the BLW98 declines with appr. 5dB/octave 
the power gain of the complete amplifier is kept constant within 
1dB from 470-860 MHz by applying appropriate mismatch. 

The resultina high VSWR especially at the lower frequency end is 
reduced to less than 1,6 by applyina wide band 3dB-90° coaxial 
hybrid couplers. 


The quadrature configuration required for operating these 
couplers also facilitates the output power to be doubled by 
using a pair of BLW98 transistors. 

Results from a two-tone test method with d. = -47dB showed that 
the amplifier was able to deliver 5,3 - 7,6 Watts PEP. 


NV. Philips’ Gloeilampenfabrieken - Eindhoven - The Netherlands 


part, nor disclosed to third parties without the written consent of. 
Product Division Eleclronic Components and Materials 


The contents of this report are not lo be reproduced, in whole or in 


After two years we attempted to improve the performance of the 
amplifier by utilizing the experiences in developing a number of 
Similar circuits and more advanced aligning methods. 


The new target is FS > 6 Watts peak sync power for a gain of 
at least 7dB (was 6dB). 

In contrast with the original application the tests should be 
done with three tones (-7, -8, -16dB) because this method 
delivers more reliable figures aggrevated to practical 

T.V. applications. 
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DESIGN CONSIDERATIONS (SINGLE AMPLIFIER) 







For class A operation the BLW98 is specified at Veg = 25V 
and Io = 850mA. 









In the original amplifier the d.c. adjustment was changed to 
Voge = 22,5V and Ip = 944mA. Such an operation point, requiring 
a lower load resistance to the transistor, resulted in an 





improved i.m.d. performance. 
















For the newly developed amplifier the 25V, 850mA operation 
point should be maintained, so the corresponding typical gain, 
input and load impedances according to the Data sheets are as 


follows: 





F gain Ri(series) Mi(series) Fi (series) *L(series) 


(MHz) (dB) (Ohm) (Ohm) (Ohm) (Ohm) 
470 11,2 1,46 +5 2,04 9,98 ree Bic 
547 10,1 1,43 +5 2,45 853 +j 6,96 
636 9,0 1,38 +3 2,91 7,10 +] 6,34 
739 «7,9 cal +5 3,44 5477 +5 5,46 
860 6,9 1228 +5 4,04 4,55 $574 33 


The calculation of the circuit elements for the new amplifier is 
almost analogous to that of Ref. 1 and the amplifier with two 
pieces BLW34 being described in report ECO 7901 (Ref. 2). 

To facilitate calculations an approximate equivalent circuit for 
the transistor input and output impedance can be given. 


Co 
SL SS sh SSS th Menges 
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It is shown in Fig. 1. 


0,72 nH 





The circuit will be designed on double clad printed board with 
PTFE fibre glass at a dielectric having an ene 2,74, 


To minimize the dimensions of the p.c. board the strip 
transmission lines need to be smaller in width and somewhat 
Shorter. So the circuit is designed now on p.c. board with a 
dielectric thickness of 1/32 inch instead of the 1/16 inch of 


the original amplifier. 


The input ard output networks start with a piece of stripline 
having a width of 6 mm, being the width of the base and collec- 


tor leads. For 1/32 inch this means a characteristic resistance 


R. of appr. 21 ohms. 
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The collector choke, tuning out the output capacitance of the 
transistor is executed as a stripline with a width of 2mm, 
corresponding to a characteristic resistance of appr. 48 ohms. 


PHILIPS 


For practical reasons the choke is connected to the main 
transmission line at a distance of 3mm from the transistor edge. 


There are some differences in the design procedure with 


respect to Ref. 1 and 2. 


a. The length of the transistor collector lead has been’cut off 
at 3 mm to decrease the parasitic capacitance at this point 


to a minimum. 


The Netherlands 


An extra matching section has been added, what increases the 
number of elements from 7 to 8 of which 7 are optimized with 


[oO 


- Eindhoven - 


a computer. 


The results of the calculations before and after computer 


optimization are given in Fig. 2 and Table I. 
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before | after 
etenens [aero] rein 


mm 
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mm 
oF 
mm 
pF 
mm 
C. pF 


Table I] 


Say 1s the maximum VSWR of the network. 


The lengths given hold for air lines. The actual lengths on the 


p.c. board are shorter; the reduction factors are 1,455 for the 
72 ohms lines, 1,492 for the 48 ohms line and 1,556 for the 21 
ohms line. 


The predicted minimum output power of the complete amplifier with 
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two transistors BLI!98 is: 


£9959) 299.95 =.6 59 Wattss 


Pol is the minimum output power of one transistor in a narrow 


band circuit, Sax is as specified above and the factor 0,95 


represents the power loss of the hybrid coupler at the output. 


components 
and materials 





Information presented in this report is based on pilot studies in our Jaboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


738 


8222 031 76361 


Report No.: ECO 7905 PageR 6 


The design procedure is again almost equal to that given in 


Refs. 1 and 2. The differences are: 
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. The length of the transistor base terminal has been reduced 
to 3mm, instead of the 1,7mm for the BLW34 transistor and 
10mm of the original amplifier with BLW98. 

The width is 6mm, corresponding with an R. of appr. 21 ohms. 


| 


[oO 


. The R. of the other series lines has been increased to appr. 
72 ohms for the same reason as in the output network. 


. An extra matching section has been added, what increases the 
number of elements from 5 to 7 of which 5 are optimized with 


- The Netherlands 
lo 


Product Division Eleclronic Components and Materials 


a computer. 


jo 


. To obtain a high power gain, both chip capacitors between 
base and emitter of the BLW98 are soldered as close as 
possible to the transistor envelope. 


The results of the calculations are summarized in Fig. 3 


and Table II. 
Plaga 71, 7Xr 21,2N 27S 
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before after 
Ei Bald 


1,89 
3041 
7 ,66 
22358 
Sy hl 
£15] 
£90 


PaaS oa a 


Table II” 
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AG is the resulting power gain variation caused by the transistor 
and the input network over the frequency band. The lengths of the 
lines hold for air as a dielectric. Transformation to striplines 
on a p.c. board is done in the same way as in the previous 


section. 


The minimum power gain of the complete amplifier with two 
transistors BLW98 is expected to be: 
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* Later it was discovered that during the initial calculation 







an error was made. 
However this was corrected sufficiently by the optimization 





procedure. 
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in which: Gy minimum power gain of BLW98 in a narrow band 
circuit. 
power loss of one hybrid coupler 
reflection loss of input network 
reflection loss of output network 


In practical figures this means: 


G. = 65 2 ~ 0,2 = 0.04 = 0.08 = 598d 


0 


The input VSWR of a single amplifier was calculated to vary from 
8,97 to 470 MHz down to 1,32 at 860 MHz. 


THE HYBRID COUPLED AMPLIFIER 


. Practical considerations 


On previous pages the theoretical approach of the single 


amplifier was discussed. 


In practice, it was the intention to realize a small compact 
amplifier on a p.c. board with input and output coaxial terminals 
(R. = 50 ohms) in-line for easy cascading of several amplifiers. 


Besides the wide-band properties it is the intention to obtain a 
higher output power, so two BLW98 branches are connected in 
parallel with the aid of two wide-band 3dB-90° coaxial hybrids 
on a 50 ohms basis. 


So, by using coaxial hybrids the unacceptable situation that the 
amplifier shows a mismatch to the driver stage, has also been 


solved. 
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In such a configuration the output power will be nearly doubled; 
reduction of the input VSWR of the complete system to a value of 
around 1,2 may be explained from the properties of the hybrid 


PHILIPS 


coupler applied. 

The reflected power will be absorbed in the resistor matching the 
isolated port. This resistor is 50 ohms and consists of two 

100 ohms power metal film resistors in parallel. 

The same has been done on the output side. 


The p.c. board needs to be double copper clad with a PTFE 
alass fibre dielectric (ec. = 2,74) for low losses at UHF. 
The thickness is 1/32 inch. 


Fig. 4 shows the circuit diagram of the complete 2 x BLW98 
class A amplifier. The biasing circuit is drawn in Fig. 5. 


The p.c. board is in Fig. 6 and the amplifier lay-out in Fig. 7. 


For a correct earthing the upper earth sheet parts are connected 
to the lower sheet by soldering copper straps at the edaes of 
the p.c. board. The black parts in Fia. 7 are the soldered 


copper straps. 
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The emitters are grounded as short as possible by applying copper 
straps under the emitter leads. For that reason the holes in the 















board are square instead of round. 


Both transistors are screwed to an intermediate brass heatsink 
plate of 10mm thickness. The polished lower side of the p.c. 
board is in direct contact with the brass plate. | 


7 For this, small holes are drilled or fraised in the plate. 
Qs 
Loo 
S oa The coaxial connectors are of the SMA 50 ohms type, being 
oFED soldered to upper and lower sheet and screwed to the intermediate 
Uy O 


heatsink. 
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We started with optimization on a small] signal basis with the 
circuit inserted in a network analyzer chain having swept 
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S-parameter facilities. 
So far, similar tuning methods have been applied as described in 
Refs. 2 and 3. 







Because it is rather complicated to find the best compromise 
_ between an acceptable flat gain curve (S21) and sufficient 
Output power with low i.m.d. a dynamic large sianal optimization 








method has been applied. 
Fig. 8 shows the block diagram. 










This tuning method is based on the correlation between the 
Single tone 1dB compression point and the i.m.d. figure of a 






linear amplifier. 










In this set-up the swept output power level of the amplifier 
under test is kept constant and the required (detected) drive 
power is monitored on an oscilloscope screen_(PM 3260). 






The swept drive power is available from the sweep generator 
HP8620C in combination with RF plug-in unit HP86222A. 
Because. the output power of this system is too low viz. 
appr. 2OmW (+13dBm) a combined amplifier with BLW32 and BLW33 
(Ref. 3) cascaded with an amplifier with 2 x BLW34 (Ref. 2) 
have been added. The latter combination shows an overall gain 
Of appr. 29dB in the range 470-860 MHz. 
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When the circuit under test is inserted in the chain of Fig. 8 
the input power measured on port C of hybrid 1 corresponds in 
principle with the gain curve (S5,) being measured with the 
network analyzer; in fact one is the inverse of the other. 
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When the drive level is slowly increased, the shape of the gain 
Curve changes somewhat when compression starts. 
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By careful retuning of the amplifier the shape of the gain curve 
can be corrected again in the direction of the original smaller 
Signal curve. | 


In this way the amplifier of Ref. 2 was aligned. 


Fig. 8 shows that a PM5715 pulse generator is added to the chain. 
It creates an amplitude variation of the sweep generator 

(via the external AM input). So, the compression level can be 
monitored in a dynamical way, what improves the alignment 


procedure. 


- The Netherlands 


The actual single tone output power has been measured with the 
aid of the calorimetric watt meter HP 435A when the action of the 


Eindhoven 


Sweep iS stopped and the external AM switched off. 


The contents of this report are not to be reproduced, in whole or in 
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s 
ie Fig. 9 gives an idea of the screen picture with and without 
BE compression visible. 
e. 
wae 
$6 | 3.3. Intermodulation, VSWR and_gain_ measurements 
> 8 For i.m.d. measurements on television systems the post offices 
advise and apply the 3-tone test method (vision carrier -8dB, 
sound carrier -7dB, side band signal -16dB; zero dB corresponds 
to peak sync level). According to the CCIR system the frequency 
is given by the vision carrier and the sound carrier is 5,5MHz 
above this one. 
The wide-band test set-up is according to the chain in report 
ECO 7901, page R21, Fig. 9 (Ref. 2). 
L 
2 
250 
cCcgy 
Sgt 
o&P 
uj O ® 
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In this set-up first the sound and vision carriers are each 
buffered by a circulator and then joined in a wide-band coaxial 
hybrid. 

Then the sideband signal from the (smaller) generator SMLU is 
added in a second hybrid (no circulator applied). 


The complete three-tone signal passes a low-pass filter 

(700 or 1OOOMHz cut-off depending on the input frequency), 

a continuously variable attenuator and a circulator 

(three different types are needed to cover at least the range 
470-860MHz ). 


The output power is measured with a 435A calorimetric watt meter 
(multiplication factor for three-tone -7, -8, -16dB operation 

is 2,61) and the i.m.d. observed via a loosely coupled 50 ohms 
pick-off device with a HP 8558B spectrum analyzer. 


Fig. 10 shows the three-tone i.m.d. results measured on a 
complete hybrid coupled 2 x BLW98 amplifier. 

Po sync was measured for i.m.d. distances of .-52, -56 and -60dB. 
The heatsink temperature amounts to appr. 60°C. 


Finally, input and output VSWR and gain figures were measured only 
under small signal conditions. The VSWR figures of the input and 
output are expressed in reflection damping (resp. 34] and Soo) 

on a 50 ohms basis (see Figs. 11, 12, 13). . 


According to Fig. 11 the minimum reflection damping of the input 
of the coaxial hybrid amounts to 34] = -19dB at 470 MHz what 
corresponds with a maximum VSWR of 1,25. 
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On the output side the worst reflection damping amounts to 

S59 = -16dB (VSWR = 1,38) at both band ends. 

Both values may be mainly explained from the specified maximum 
VSWR = 1,25 of the applied Anaren hybrids and the fact that the 
load of the isolated port consists of two metal film power 
resistors of 100 ohms in parallel having low frequency tolerances 


of 5%. 
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The power gain, represented by S54: is at least 7dB (Fig. 12). 
For a second check this gain curve has been measured step by 
step for an output power of 600mW. 

Fig. 13 shows the results. 


- The Netherlands 


3.4. Cross-modulation 


There is a trend now that the cross modulation behaviour of a 


linear amplifier becomes more important. 
For this reason tests have been done and the results given in 


this report (Figs. 15 to 19). 


These tests could be done in the 3-tone chain.with the sideband 
carrier switched off. 

The vision carrier has been made eaual to PS sync (OdB) , 
instead of -8dB, whilst the sound carrier remains -/dB 


part, nor disclosed to third parties without the written consent of. 
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(5 x power). 


By means of a coaxial switch and a 20dB attenuator, inserted in 
the vision carrier chain, this carrier can be switched from 


0 to -20dB. 
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Increasing both tones with the same factor and switching 
periodically the vision carrier from 0 to -20dB the procentual 
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influence on the sound carrier (with the spectrum analyzer 
switched to linear operation) is measured with respect to its 
Original level. 


4. CONCLUSIONS 
On preceding pages the theoretical and practical design has been 
described of a wide-band (470-860MHz) high quality linear 
amplifier being equipped with two BLW98 transistors operating 
in class A. This amplifier is a modified version of that already 
published in report ECO 7704 (Ref. 1). 
The target P > 6 Watts (was > 6 Watts) and power gain > 7dB 


Oo sync — 
(was > 6dB) was reached, whilst the area of the new p.c. board is 


- The Netherlands 


only about 60% of the original one. 


There are some small differences between the theoretical design 
and the practical circuit, viz. 


- The calculated value for the chip capacitors Co = Cio was 
3,9pF. In practice 1,5pF appeared to be a better choice. 
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~ Coo = Coq = 6,8pF was too small, so Cy, = Cog = lpF has been 
added. 


- Cog = C35 was planned as a fixed chip capacitor of 1,2pF; 


tuning this point with a variable capacitor of 1-3,5 pF gave 
advantages. 
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Ry = Ro = Re = Re = 1002 (+ 5%), power metal film resistor 
PR37 type (cat. no. 2322 191 31001). 
Ry SRR = Roy = Roo = 102 (+ 5%) carbon resistor; CR25 type. 
R = Re = 1,8k2 (+ 5%); CR25 type. 
Rg = Rig = 1kQ2 (+ 5%); CR25 type. 
” 
28 Rg = Rip 330. (+-5%)s CR29-type. 
Loo 
Ee} 
8 § 
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COMPONENTS 
C, = Cy = 1,8pF, multilayer ceramic chip capacitor 
(ATC type: 100A - 1R8 - B - ie - 50) 
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Cy = C, = C3 a C3) = 100pF, multilayer ceramic chip capacitor 
(Caty NOs, 2222 85113101): 

C, = Ce = C39 = Cag = 100nF, polyester capacitor. 

Cl = Cig = Con = Cog = 1,9pF, multilayer ceramic chip capacitor 





(ATC type: IOQA-- 1R5.= B= P, = 50). 
Co = Co = C56 = C47 = 1,4 to 5,5pF film dielectric trimmer 
(cat. no. 2222 809 09001). 















C4 = Ci0 = C17 = Cig = 100pF, multilayer ceramic chip capacitor 
¢.¢ (cat. no. 2222 852 13101). 
sit C33 = Ci6 = 15pF, multilayer ceramic chip capacitor 
ape (cat. no. 2222 851 13159). 
a Ci4 = C15 = 12pF, multilayer ceramic chip capacitor 
B25 (cat. no. 2222 851 13129). 
ae Cig = C59 = 6,8uF, 63V, electrolytic capacitor. 
gage Co, = Coq = 2 X 6,8pF in parallel, multilayer ceramic chip 
ge a2 capacitors 
tr (ATC type: 100A - 6R8 - J - PY - 50). | 
gees Coo = Cog = Cyq = Caq = IpF, multilayer ceramic chip capacitor 
see! (ATC type: 100A - 1R0 - B - P, - 50). 
C59 = C35 = ] - 3,5pF film dielectric trimmer 






(cat. no. 2222 809 05001). 
C3. = C36 = 1OuF, 63V, electrolytic capacitor. 
C45 = C39 = 470nF, polyester capacitor. 
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1502 (+ 5%); CR25 type. 
2202, cermet preset potentiometer 


= 2200 (+ 5%); 


PR52 type 


power metal film resistor 
(cat. no. 2322 192 32201). 


5,62 (+ 5%) and 6,82 (+ 5%) in parallel; 
enamelled wire-wound resistors WR 0617 style. 


ultra-miniature 3dB-90° coupler 


model no. 


10264-3, range 0,5 - 1,0 GHz. 


Anaren Microwave Inc. 


stripline 
stripline 
9» UH 29 
(0,2 mm); 
stripline 
stripline 
stripline 
stripline 
stripline 
stripline 
stripline 
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(Z, = 72a), 24,1 x 1,0 me * 
(Z. = 722), 18,7 x 1,0 mm° * 


turns closely wound enamelled Cu wire 
int. dia 3,0 mn. 

(Z.. = 210). °.2,0°% 650 mm? . 

(Z, = 219), 1,0 x 6,0 mn® * 

(Z. = 210), 3,0 x 6,0 mm? * 

(Z. = 480), 13,8 x 2,0 mné * 

(Z. = 722), 6,7 x 1,0 mm K 

(Z. = 722), 18,5 x 1,0 up ‘ 

(Z, = 722), 27,6 x 1,0 mm® * 


These striplines are printed on double Cu-clad printed circuit 
board with PTFE fibre-glass dielectric (ec, = 2,74); 
thickness 1/32" 
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Copper strap 


Soldered between 
Upper and lower 
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Sheet 
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PC. BOARD 


Tee inch PTFE 
double Cu clad 


2461 MIk 


Electronic 
components 
and materials 


Central application laboratory CAB Eindhoven - The Netherlands 





Information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


153 


PageR 21 


ECO 7905 


Report No: 


S4aMod 3Nd3NO 
junjpsuco Jo} SansO? ¥IBB 


ZHWO98 oly 


— = Eh <i = <= ca Se 


slat nies 






[ON 


t 
i 
i 
| 
| 
l 
| 
J 


gu!) -9 


DYNAMIC COoOMPRE 
TEST SET-UP 


SE MIDGXZ [—}+4V 3 





‘Jap JOIX 00D 


SJEUAIEW PUB sjJUgUddWOD D1U0199;19 UOBIAIQ IDNpOIg 

SPURLAYIIN SY, VaAOCYPUIZ - UEYaVQejUsdWeaojy Sdiiug AN 

Sd i] ; Hd jO WASUOD VaHUM BY INOUTM Sayed Psy, 0} PasojoSip sou ‘jed 
Ul JO BJOUM Ul ‘PaINpCds: aq Of JOU GIB Od) $14) JO SIUaUOD Syy 


I9EOL 1E0 2228 








SICS Wd 





not 


s 


Mtation doe 


any consequences of its use.. Its prese 


for 


mes no liability 


imply a licence under any patent, trademark or copyright. 





“”) 
G 
Cc 
© 
ae 
® 
= 
® 
Zz 
w 
rs 
, 
i] 
= 
® 
> 
O 
i 
O 
— 
nT, 
oa) 
<x 
O 
> 
i 
= 
ee 
— 
e) 
fe) 
aS 
¢ 
fe) 
- 
© 
2 
a 
Q 
© 
= 
ao 
Cc 
O 
O 








Information presented in this report is based on pilot studies in our !aboratories. It is presented in good faith but 


N.V. Philips’ Gloeilampenfabrieken assu 


sjeuiajeu pue 
s}usu0dWO9 
DIUOIDa}Q OC [SANUS 


754 


@222 031 76361 


2 
2s 
2oD 
cco 
COE 
ge 
OD 
2oece 
Ul O 


zy 
\ 


Report No.: ECO 7905 PageR 22 


PHILIPS 


The Netherlands 


- Eindhoven - 












: Sassssssscesssess 
seuss sees pd te Ht att aan eases sense Pit 
cocee SRREP PHTES CHVUE SEHR ASEAN CSSA E OSES CSRRE SBERE 

wtititrti¢tttilitttiti titty re 
S#2R SRaBS a ttt Ht 














part, nor drecicsed to thd parbes without the written consent of. 


The contents of this report are not to be reproduced, in whole or in 
NV. Philips’ Gloetampentéabrieken 


Product Drvision Eleclranit Components and Materials 


Se eer-_ .eune SES08 SESRELeRaD 
ae ROR R SERS SURES SRERS BEHBS Bees 
TTITITITITIVTL ttt tt tt] 
SOROS 5002 SEP ES ESSE SeSes Sees seas sEess FeeSh sees 
ceeeeceeecceees scene Seeensepasssass ss 2b Senet seeee 












TOTS yeti Pe py iy rei y)y igi tyr yi yy 








Central application laboratory CAB Eindhoven-TheNetherlands | 
ee 
Information presented in this report is based on pilot studies in our laboratories. Jt is presented in good faith but 


N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


155 


and Materials 


6222 031 76361 
N.V. Philips’ Gloeiampentabrieken - Eindhoven - The Netherlands 


Product Division Eleclronic Components 


The contenta of tive report ere not to be reproduced, in whole or in 
pert, nor disclosed to Ihid perties without the written consent of : 


and materials 


components 


ae 


Electronic 


Report No.. ECO 7905 Page R 23 







See 
BURR 
RRR E 

Ld 













Figs.l: 
= Fig. 12 
dB) ° 
) CP 
aLL 
12 5) - 
Cee 
SORRY 
2 CPR 
SOA ow 





470 860 (MH) 


Central application laboratory CAB Eindhoven - The Netherlands 1) 


information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no esate — any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyri 


756 


Report No: ECO 7905 Page R24 









BORER BERED SOSLE S285 2e8e Heep | ! cones aan a es ae SSe2e 
auEea Vit f 28 SHeRs aeBe HH Bee Beeeon oane BiGRH ae 






Saee8 88 SB HEH seseeeetes SSRs RHAGe SENSE CROAT SAAD Sie DRESS fede cake) 
aaaee i a ae SG A952 EBONE BPSRS BSTHe ee | 
H Goece BEGUHS SESS BLOT ESBS BSVHE 
sane oo58 aSane oe 










2x BLW398 
hybrid coupled 
Vice = 25V 

HH] Ic =350omA 















SESEstesed (eeee beet teens cateeteesteneesrees teens ceeseesees bees 
Sousuastesstostastesitesttasttsatrastecttesttastasstastssste tess semss 
4 S2h88 --H- He oe ae BeBen = pe see SR008 SSRan fo 






















s-— a HH 4 oon HoH oT 4 aen8 Ht seene sosen RECESS GESRS SSSR 
3 +H HHH BERGE BEBE SPORE PHRES SESE CHS RASHS PARSE SHVSE BHRVE SRSHS CASA 
BL : SEanea ieee GSEG8 BUGSR BORGR BeSRS SASSER SDVSSE CHRSS SSSA SHES SHAHS SAAR’ BESSA 
32 Gunns Conus GSES GGGE0ER0G0007 4600008. Sane LGaasonnasannos senansanne conne 
: § $ BOUG8 SSESE SERRE SPOR SEGRE P’.222 BB kh ‘2S BROS EOSHE BRSSE PAVSER PROSE ESHA 
£528 
; 5 - 3 BOSSE SBOE SESRS BS 408 SBES8 +t SsEueen coma UeEnan ne BSSleS GR ESS2 ABESSS EBES 
2 g SERBS RPSRSE BREE? 4EU0 SPRODE BRVES SEROE BERS. \SSRRE SERVOS BHOSS SESS FOSSR SARS 
z SRSSE PRRER RRRRP 42088 OSE = BSP SHARAD EOAT: CREST REESE CESS SASSER CSUSS SERS 
: ar SSSSGGSESSSGG/ S0nnESSEEES SEES 24m. ta senEe. Bane canes saeeeseene saaee comes 
Sei SRRSS VeLeN Ase 4 BESESRBESES ER 400 a a 2B See RS@ES 
83 5. ~ B alvin tnd 7 ae caaeeee ott tL (ES BSSS8 SRBRGE DESRS 
z i ‘ seas —— S =a eee aaaaa —- aan sa8n8 oe Gi GRe —_- SSECO CEEED 
a. s Sapa Gnnannee ak aceucee SeneDen Gases ene SC aie SHES DEORE 
be REE et soossaeon Gah \aED- -~Guees 5c ngs senee Samoa 
2 3 eae seen Seems UU? SERS S PRR PEE EVV SS 
: Sanaa gage ee pe SS ReaR roan aan Lge ee Bees amada a ean Sesao 
: i i —j--}-~ saeee = == aeeee aoe WL ae fies) v4 oe sanas Senne SaR2Ea 2H EES RASRS 
3 Sen S0C00 0000" Gens BOCES SEGGESSGGSGRE0, Sauh.cbte. same Benen 
2. 3 SSNS SEER BAD”. 4SRGER SERRE REPER URES SERRA (SER CREE FERS 56d B ESaSe 
P 5 = & SBBeeae a —— ep aBees bees - BOS SSSR is VERS BEERS Geses Beare 
~ B ae BBS SSSE8 B. BSS SSEE8 SEeR8 








sauccees Soo ssna ese penne goeseeness 
SESE cooes ates tear cocessases eee ecee acess aces bece esos eS 
SE000 L020 COESS SACRS BEES CSRS RSEE CORES ees oSaEe dB oases same 
scence arHe Tau REEESESE ~60 
SGGeG SS006 Soued Goeee CREBE SEOES DRESSES 

C0990 KOSES BEGee LwnR ES sus seseseeecse Cet tH 




































2 
28 
2Ss 
ccg aoomaa een TH 
sceee 
£ 4 E Hy Setsibedissigs seeees sesee Fy g . 10 
SEv 
= oe 
ul O @ 


Central application laboratory CAB Eindhoven - The Netherlands 





2 


Information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


75/7 


Report No.: ECO 7905 Page R 25 


8 SBeee seeus ean sougeas pom peppery S608 sheen see SS C2E28 


re CM (%) CROSS MODULATION 
Sedecsesstatestestestecstsestessse zest ontes ests tess seven asst space 
onl Srsecet ceect esse tcestsesostests eee orees Senet eeessemees 
8 BGSGs SES Saeee 
= cs 4 f=500 Met ——— 
foal boss uess conse seuss ceccs Uses cssus tse’ seaes neces couns neces seassceces 
fd seeet ofS as S5Eszss(es £0 Peeus Eeces sees secs pees ceees 
g SSSa8 BHRe8 eeeRn sRene =e SeEEe aaa snaneseeasene pe 
—— 


en Bae» 88a oon Dee ee sansa cueee ge sag al 

pip eee HHH ESSOee ISSR CBRE CRAM EAORA CHAE EROS 

SESHE OF HOR AGEERE SERRE SHRES eet BRIS fF LUGE REED CME TORRE SERVE SHES BESTE . 
Hd RS BSS SRSSH SRASR SPESA SESS SSHABE se aan SSO S2 SASSER CEARE BRVTS SARS Fia.15 

SER 2888s 288288 pe tft BSESS ashe iene as ne neat Senile 


a seo88 Beene tt saan i2eoU anos oe ESHER ee ee er SESea Poe es] Lanes 
2208 SHELE SEERE GEDES KA SHR ESOL SLERS OSHS COUR LSAAE EDAVS CRSRS TESS EBS 
® 
SEDGE oases saseaseessseesssessssessssseseseestescsesess esses 
He BA BSS SRSES #ic HVE SEALE CORSE HSSEE A SED SENET ESAS 
sone HoH OSRHS GERED Fit SSE SSRSR seGGe ESUSA SG! SHS BSSESSESES 
Ao BRSHR HSER SPALS OS FHS SSTEE SOSA SRAAL U) (VHD EHRBSE SPOS® 
GEES Suous buss seeessneessecedessessssses iscceeessssses 
9 tt = ttt serene H+ 2 eee SOR & GHRK BENSS PPSES Cleese FUSR 
Bo EuGan aa oH aBeBe Bmee f RGR PERSE DSSRS SSARS BS 
seues HHH Pere Sagan won sae #26682 seaeee jnanses BSS SE SSSER CSRS 
SRSSE S25H5 C9082 28 =a seuennes ee pease S228 2682 —_ 





iN 


Sufiatsstotestfiasiat t= 





oN 
PTT 
4 


Fia.16. 


Product Division Eleckonic Components and Materials 
N Go 
HEE 


The contents of this report ere not to be reproduced, in whole or in 
pert, nor deciosed to thd parties withaui the wiiiien consent of : 
NV. Philips’ Gioeilempeniatbrieken - Eindhoven - The Netherlands 


ioe 
Sen 
ae Be 

snes aeene ttt SHORES HSER SEEKS SESEG 


SEBBeanue seas oon tH aun is 

anaes Sean s SRRER 2Ea cfaaee 2ae85 Aeotts SSSU02 48588 Pept 
BS 2aeee oouas S285 a HERSC SESH? BABAR SORA SSERS Bee 
ae aes : = —s t+ 4 LL. Seee/ Benes senne sseeernens feRaa Benes 
HEGR SHSSE FVSSE SOBA CAHs Kees 
Pot |. ZeeeD oo SHAE Kees 
SSSena SaGUS ERRSE 
HHH ceae eae sseee = eneea 
BORE EPH 05 FSEHSA FASB 2 keeea 


G9 =O 





ee 


9 
~ 
N 
tu 
wN 
Lo) 
on 
N 
Oo FH 
© 


Electronic 
components 
and materials 


—we [65 (W) | Fic.17. 


Central application laboratory CAB Eindhoven - The Netherlands aS | 





Information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


758 


Report No: ECO 7905 Page f& 26 


CRoss MOOULATION 








Sa asassoeee see tedzcee eta tase eee tataiaee Gasugsseaasuews 






= ee —— sagoeaced —— Pate aa aunoas Ree oe GG SSeS PVSS 








See eee ae 











PHILIPS 


See esau neeeaccaes sovetecces scaes cesedeesenseemtreresesrestrerseeees 
dae ere eee ene eee ne 
ea pcte ssentedaseseersdesertets= 
Supa So ee 
os 














= 


ba corensce 


seraeetoce maui sage saseseeeeeasus pp EGE ROSES ORS SESE | 
oe S88 @aeR pte al Hert peeee ee cases caeussanne 

aageman See ar Eee samen 
ait SHS SS SS SE SE Se rohit 
EReOE aaa s eR SeRaz 









eee cetagetaaefettetes= mere 





Greer nee Eee Se eat eee et 





BSEGES BSS SERRA RERES ereraitiaiey, Spe se stcsceassteccetecsss ene 
He Suecens= sesnsssnsscassesuses pe 
Scuaztgeasiasttazistsasattteay’grttassis cast tama eee seats resesnte 
SouGssoessssssessssssssassses fees ssssaseesesecessesssseessseess 

GHZaS CRRSE DS aaeeaane eeeneEee GOSS GSSER CRRES Pease 
seccesenccecceuceene SeOG GREE! Pouea Be sleceees sees cones cecseconcnesees 
Scoserbane Goan on Saesseesseeus seuesssuuen aGnbe seous conus enees ceens seme 


eene oe aac naguee RRBRS SRSA! SPER BEER HH - BEER aE Sees Daaan 
SsHtcHecisosse ions att Srusitess sedestossestest assed aves outta 






SN N co co 






















The contents of this report are not to be reproduced. in whole or in 
pert, nor diseciosed to thud parties withoul the written consent of . 
WV. Phijips’ Glosilampentabriexen - Eindhoven - The Netherlands 
Product Division Eleckonic Components and Maleriais 


i 






HIB IHErintastataee Pe UTE eee 
















CREE RHSGS Sase0Saum0 HGS HRENS PRSSe SAE SR ERE Gee eas ce H+ aed 
SEER sist soccesce Pet RGR SHAS8 BRE vas Hot Peete samen cane 


gaaee 
segue ee a ae 4 et Ps ae See fe =860 pam eas ecg 


ope Saeeeo saeee SEREH GRa 
SE crete eeeeee eet eee eee pee 
cea a ea ear as ees 
SSRBA CERSA aeeanoe seees ee oa 'aees sasee aeons tH ESSER SERRE IES ES a 

o 















SRS ERSES FHSaa 44 +H, Sameer ‘ CARE £ae ke SEBOR LEER S SBSee eeeee kaw ee 
SESE EE EEE ESERIES Ea 
Eee eet fe Ssiteettistarteeti 

















BOGea 
o senguasessacea HH HE sesaeseausaeescenne 
a ree 


CT ee naga agees Ssbessaseeraseage ees seses 














Electronic 
components 
and materials 





| Central application laboratory CAB Eindhoven - The Netherlands a) 


= 








Information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


759 





760 


The contents of this report ar® not to be reproducea. in whole or in 


part. nor disclosed to third parties without the wotten consent of 


The Netherlands 


- Eindhoven 
Product Division Electronic Components and Maternals 


NV_ Philips’ Gloeilampenfabrieken 


+, 


Electronic 
components i Li p 


and materials 


laboratory report 


number : ECO8003 date :21-08-1980 

tile =: Wide-band linear power amplifier 
(174-230 MHZ) with 2 transistors 
BLV31. 


author © A .Boekhoudt/R.F .F .Zwanen 


Information presented in this report is based on pilot studies in our labora- 
tories. It is presented in good faith but N.V. Philips’ Gloeilampenfabrieken 
assumes no liability for any consequences of its use. [ts presentation does 
not imply a licence under any patent, trademark, or copyright. 


761 


The contents of this report are not to be reproduced, in whole or in 
part, nor disclosed to third parties without the written consent of: 


NV. Philips’ Gloeilampenfabrieken - Eindhoven - The Netherlands 
Product Division Electronic Components and Materials 


Electronic 
components all [ LI DS 


and materials 





laboratory report 


central application laboratory CAB 
eindhoven - the netherlands 


number: ECO 8003 date: 21-08-1980 
project: 6967 pages: Al . R16. 
ttle WIDEBAND LINEAR POWER AMPLIFIER (174-230 MHZ) WITH 


2 TRANSISTORS BLV 31 (Redesign of ECO 7903) 


author A. Boekhoudt, R.F.F. Zwanen 










ABSTRACT 

For application in driver or final stages of TV-transposers in band 

III (174-230 MHz) a jlinear wideband power amplifier has been designed 
ae coupled by means of 3dB-90° hybrids. 

c= 0,9A. 

The peak sync output power was 10W for a 3-tone I.M. distortion of 


with 2 transistors B 
Each transistor is adjusted in class-A at Veg = 22,5V and | 


-60dB. At this power level the cross-modulation was 8%. 
The power gain was 16,2 + 0,6dB. 
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se INTRODUCTION 
This report describes a linear wide-band amplifier for T.V. 
transposers in band III (174-230 MHz). The amplifier, containing 

| 2 transistors BLV31, can deliver é0\. eaP for -60dB 

intermodulation distortion (IMD) when operating in class A. 
The power gain is appr. 16dé 
The BLV31 is encapsulated in a 3} inch capstan envelope with 
ceramic cap. 

2. THEORETICAL CONSIDERATIONS 

2.1. The equivalent circuit of the BLV31 


In a first approach the transistor parameters such as gain, 
jnput- and load impedances are calculated at a class A adjustment 
= 25V and l = 0,8A. 

Table 1 gives the above mentioned transistor parameters for three 


frequencies. On these figures the amplifier has been designed. 


174 


16,5 Liye 1150 
15,2 9,7. 10,7 
14,1 B22 #1042 





Table 1 


A simplified equivalent circuit is shown in fig. l. 


Figure 1 
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The reactance of the collector choke being 130nH has been chosen 
about 7 times the parallel equivalent load resistance. 
This reactance is so high that it has practically no influence 


on the h.f. performance. 

The collector choke is connected at a distance of 5 mm from the 
transistor by a stripline. The equivalent circuit is shown in 
figure 1A. Lengths of the transmission lines in the figures 1A, ) 


2and 3 are given with air as dielectric. 


Cc R,:30,lohm 









——-O 
129,465mm 






«—Z at 202MHz is 


4 “i 
130nH 10,5 -19,40hm 
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a Figure 1A 
o § The 10,5 ohm is matched to 50 ohm with a two section network 
zg which has been calculated according to Ref. 1. 
zé The negative reactance of 9,4 ohm is tuned out by an equal 
positive reactance and this has to be added to Ly in the 
calculation according to Ref. 1. The figures obtained by 
calculation are put in an optimization program which gives us the 
final output network; see figure 2. 
L 
ZX 
QLQED 
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1<95,89mm 





Smax b~4 1,16 


Figure 2 


Se is the maximum VSWR of the network calculated at the 


50 ohms terminals. 


The Netherlands 


2.3. The_input_network 
The input network contains also two sections. Starting from the 
transistor, the first section has the function to make the 
overall gain constant. The gain slope of the transistor is 6dB 
per octave. So the first section has to have a positive-slope of 
6dB per octave. The calculation of the first section has to be 
done on the top frequency of band III (230 MHz) and the loaded 
Q-factor must be approx. 4. This will result in an input impedance 
of 0,9 x (4°41) = 15,3 ohms. 
The second section transforms the impedance from 15,3 ohm to 
50 ohm;this calculation has to be done according to Ref. 1. 
The final network after optimization is shown in figure 3, also 
given is the VSWR of the input at three frequencies. 
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THE PRACTICAL AMPLIFIER 
The schematic diagram of the complete amplifier is shown in 
fig. 4. It contains 2 branches which are coupled by means of 


PHILIPS 


3dB - 90° hybrids. An important property of these hybrids is 
that if the 2 output ports are loaded with equal impedances 
the input VSWR is always equal to 1. 


The amplifier is designed on p.c. board with epoxy fibre-glass 
as a dielectric ( uae 4,5), the thickness of the board is 1/16 
inch and it is copper clad on both sides. Fig. 6 shows the board 
and fig. 7 the lay-out of the components. To get a good contact 
between upper and lower side, rivets have been used at several 
places. . 
The amplifier has been aligned with a single tone swept 
frequency signal producing an output power between 15 and 20W. 
During this fvocess it appear*d that some of the components 
had to be changed. The results can be found in fig. 4. and the 
parts list. 

It also became clear that an other DC adjustment, viz. Vee = 
22,5V and I, = 0,9A gave a better result on I.M.D. 

Each transistor is biased by a unit as shown~in fig. 5. 


NV. Philips’ Gloeitampenfabrieken - Eindhoven - The Netherlands 


The contents of this report are not to be reproduced, in whole or in 
part, nor disclosed to third parties without the written consent of 
Product Division Electronic Components and Materials 


q Measurements 


4.1 $-parameters. 


Power gain and input reflection are depicted in fig. 8. 

It appears that the power gain is appr. 1dB higher than the 
calculated one. A probable explanation is that the actual emitter 
lead inductance is somewhat smaller than the originally assumed 
value of 0,5 nH. 

Fig. 9 shows the reverse isolation and output reflection. 
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4.2 Cross-modulation and I.M.D. 


The upper part of fig. 10 presents the cross-modulation for 
3 different power levels. 


PHILIPS 


Similar information on the 3 tone I.M. distortion can be found 
in the lower part of this figure. 
The measuring signals are defined in the figure. 
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Parts list: BLV31 Band III Class A linear power amplifier 
(174 to 230 MHz) 


PHILIPS 


Cl =1,8 pF, chip capacitor 
C2 = C3 = 1,8 to 10 pF, film dielectric trimmer 
(cat. no. 222280905002) 


C4 = (C7 = 18 pF, chip capacitor 
C5 = C6 = 39 pF, chip capacitor 
C8 = C9 = C10 = Cll = 100 pF, chip capacitor, connected at 5mm 


from transistor edge. 
C12 = C15 = C17 = C20 = 330 nF, metalized film capacitor 
(cat. no. 222235225334) 
C13 = C14 = C18 = C19 = 1000 pF, chip capacitor 
Cl6 = C2l = 10 uF (40V}, electrolytic capacitor 
(cat. no. 222212117109) 
C22 = C23 = 22 pF, chip capacitor 
C24 = C29 = 6,8 pF, chip capacitor 
C25 = C28 = 1 to 3,5 pF, film dielectric trimmer 
(cat. no. 22228090501) 
C26 = C27 = 100 pF, chip capacitor 
(chip capacitors: ATC type 100B - C - MSX - 500) 
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Rl = R2 = R5 = R6 = 100 Ohm, power metal film resistor 
PR52 type (cat. no. 232219231001) 
R3 = R4 = 10 Ohm, carbon resistor CR68 type 


Hl = H2 = 3dB - 90° coupler, model no. 10262 - 3, freq. range 
125 to 250 MHz, ANAREN MICROWAVE INC. 


Ll = UL2 = 60 Ohm stripline, w = 2mm, 1 = 54,1mm 
L3. = L4 = 30 Ohm stripline, w = 6mm, 1 = 9,5mm 
ES Gn = 1 MH, microchoke 


0% L7 = L8 = 30°0hm stripline, w = 6mm, 1 = 5mm 
g 5s L9 = L110 = 25nH, 2 turns enamelled Cu wire (1mm), 
sae int. diam. 5mm, length = 5mm, leads 2 x 3 mm 
u8 L11 = L12 = 60 Ohm stripline, w = 2mm, 1 = 53,2mm 
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Parts list: BLV31 Class A linear power amplifier 
(174 to 230 MHz) 
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L13 = L14 = 38 nH, 4 turns enamelled Cu wire (1mm), 
int. diam. 3,5mm, length 9mm, leads 2 x 3 mm 


The striplines are printed on double Cu-clad printed 


circuit board with epoxy fibre-glass dielectric (€.. = 4,5), 
thickness 1/16 inch. 
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Parts list: Class A bias circuit for a single transistor BLV31 
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Rl = 150 Ohm, carbon resistor CR25 type 
R2 = 100 Ohm, preset potentiometer CTP10 type 
R3 10 Ohm, carbon resistor CR25 type 
R4 = 1000 Ohm, carbon resistor CR25 type 
R5 = R6 = R7 = 8,2 Ohm, rectangular wirewound resistor EH 07 type 
R8 = R9 = 180 Ohm, carbon resistor CR25 type 

33 Ohm, carbon resistor CR25 type 


C3 = 100nF, metalized film capacitor 
100 pF, ceramic capacitor 


10 MF electrolytic capacitor 


BZY 88 (3V3) 
BY206 
BD136 
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Unfortunately the numbers in the lay-out of fig. 7 do not 
correspond with those of the schematic diagram of fig. 4. 
The reader is referred to the translation table below. 
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Number in lay-out Number in schematic 
(Fig. 7) diagram (fig. 4) 
eau R3 
R2 R5 
R3 R6 
C3 C2 
ste CS C4 
ae C6 C5 
ones C8 C8 
Te cg cg 
er C10 C12 
aT en C13 
pins C13 C22 
BER c14 C16 
ALE C15 C17 
aye C16 C18 
2523 C17 C24 
C18 C25 
C19 C26 
L3 L5 
L6 L9 
L9 L13 
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170 200 230 (MHz) 
Fig. 8 : 2x BLV31 wideband Band III power amplifier 
a) Forward transducer gain 


b) Input voltage standing wave ratio 


776 


Report No: ECO 8003 









Page R15 
dB 
(dB) Fe Eo ee Mn 
, fe Se ee eS Ga cae 
a a er ee ee 
-20 
(a) 
-25 
- 30 
170 200 230 (MHz) 
(V.S.W.R. ) 
2 
135 
1,2 
slat 
(b) 





Fig. 9 : 2x BLV31 wideband Bend IU power amplifier 
a) Reverse transducer gain 


b) Output voltage standing wave ratio 
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Fig. 10 Crossmod. and intermod. prod. of the 2x BLV31 
wideband Band IT linear power amplifier. 
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A WIDE-BAND CLASS-A LINEAR POWER AMPLIFIER (170-230MHz 
WITH 2 TRANSISTORS BLV33F 


R.F.F. Zwanen (Dev. Transm. and Microw. dev.) 





ABSTRACT 
For application in driver or final stages of TV-transposers in Band 


LoL 
with 
Each 


174-230MHzZ) a linear wideband power amplifier has been designed 
2 transistors BLV33F, coupled by means of 3dB-90° hybrids. 


transistor is adjusted in Class-A at Vee = 25V and ee 3,25A. 


A demonstration model showed a peak sync. output power of 40W at a 
3-tone I.M. distortion between -52 and -53dB. 
At this power level! the cross modulation varied from 15 to 18%. 


The power gain is between 13,3 and 13,6 dB. 


For natural convection cooling the heatsink temperature is 40°C 


above ambient temperature. 


Appr. R.A. P61zl 


L 


N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


780 


Report No.: ECO 8005 Page Rl 


INTRODUCTION 


For application in T.V. transposers and transmitters for Band III 
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a wideband linear power amplifier has been designed with 

2 transistors BLV33F, coupled by means of 3dB -90° hybrids. 
Each transistor is adjusted in Class-A at Ver = 25V and I. = 
3,25A. 


Note: The BLV33F is a high gain, internally matched, 1/2" 6 leads 
flange version of the BLV33. 


DESIGN OF THE AMPLIFIER 


For class-A operation the BLV33F is specified at Vor = 25V, 
I, = 3,25A. 
The corresponding typical gain, input and load impedance are 


given below: 


Freq. Gain Input impedance Load impedance 
(MHz) (dB) (Ohm) (Ohm) 


174 12,94 0585.4 30509 2,68 + j1,24 
202 12,88 1,02 + j0,47 2,20 +3090 
230 13491 0,93 + j0,02 1,84 + j0,51 
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To obtain a high linear output and at the same time good 

input and output matching (V.S.W.R. < 1,2) 3dB - 90° hybrids 
are used. The reflected input power will be absorbed in the 

50 Ohm resistor, matching the isolated port (see fig. 1). 

For detailed information on computer-aided design (carried out 
by Mr. Hilbers Central Application Laboratory) see ref. 1-2-3-4. 
The transistors used in this particular amplifier are typical 
products, measured in a narrow band test amplifier and 
specified as follows: 


Electronic 
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Vop = 25V - I, = 3.258 - Th = 70° 

Transistor type : BLV33F 

Batch no. : MD 8-16 no.7;MD 8-16 no. 10 
Vision frequency : 224,25 MHz 

Output power (peak sync) : 17,7W 18W 
Intermod. product “ -55dB -~55dB 

Gain : 14,2dB 14,2dB 





ADJUSTMENTS OF THE AMPLIFIER 


The amplifier consists of two equal BLV33F branches (see fig. 1) 
and both transistors are separately biased at Ver = 25V - I, = 
SCO. 


The printed circuit board of the 2 x BLV33F wideband amplifier 
is given in fig. 2 and schematic diagram + lay-out of the 

bias unit is given in fig. a) 

Each branch was adjusted for maximum and flat gain by means 

of a high power sweep with a frequency range from 170 to 230MHz. 
The output of the amplifier was leveled at 40W which means 

about 50% of the D.C. input power. 

After that, both branches are coupled by means of 3dB-90° hybrids. 
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ASSEMBLING OF THE AMPLIFIER AND MECHANICAL DATA 


Due to the dimensions of the printed circuit board (220 x 210mm)» 
2 extruded blackened aluminium heat sinks (cat. no. 56293) are 
screwed on an aluminium plate (thickness 12mm) which on its turn 
is screwed on the heat sink. 












Special attention has been paid to the surface finishing to 
keep the thermal resistance as low as possible. 

Dimensions of the amplifier: 

1 = 224mm - w = 223mm - h = 113mm. Weight: 7,5 kg. 





cy 
£298 
255 
= 5 @ Fig. 9 at the end of the report shows the lay-out of the 
SED amplifier with the situation of the components. 
— OC 
Ww O 
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MEASURED RESULTS 


In fig. 4 the typical results of crossmodulation and 3-tone 
intermod. product (from 170 to 230MHZ) have been given for 
peak sync output powers of 30W and 40W. 

Fig. 5 shows peak sync output power as function of 3-tone 
intermod. products (measured on channel 12: Vision freq. 
224,25 MHz - Sound freq. 229,75MHz). 

In fig. 6-7 the forward and reverse transducer gain as well 























PHILIPS 


as input and output voltage standing wave ratio are given. 
The measuring test set-up is depicted in fig. 8. 
Note: Signal levels 3-tone measurements: 

Vision carrier -8dB; Sound carrier -/dB; 
Sideband -16dB; OdB corresponds to peak sync. 





Signal levels crossmodulation: 
Vision carrier switched from -20dB to OdB; 


Sound carrier -7dB; OdB = peak sync level 
Crossmodulation is defined as the voltage 
variation (%) of the sound carrier. 


CONCLUSION 





Two transistors BLV33F, coupled by means of 3dB -90° hybrids, 
can deliver an output power (peak sync) of typ. 40W for -52dB 
three-tone intermodulation. 


The contents of this report are not to be reproduced, in whole or in 
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At 40W output the crossmodulation varied from 15 to 18% in 

Band III (170 to 230 MHz) 

The gain of the amplifier is typically 13,3dB + 0,3aB. 

The required D.C. input is approx. 165W. 

Using a high power sweep with adjustable transistor output 
leveling provides a suitable methode to adjust a linear wideband 
power amplifier. 
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Fig. 2: Printed circuit board 2 x BLV33F wideband power amplifier. 
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Cl = C2 = C7 = C9 = 10 pF, chip capacitor | 
C3 = C6 = C32 = C34 = 1,8 to 10 pF, film dielectric trimmer 
(cat. no. 222280905002) 
C4 = C5 = C35 = C36 = 220 pF, chip capacitor 
C8 = C10 = 39 pF, chip capacitor 
Cil = C12 = 68 pF, chip capacitor 
C13 = C18 = C27 = C28 = 1000 pF, chip capacitor 
C14 = C15 = C16 = C17 = 120 pF, chip capacitor 
C19 = C20 = C26 = C29 = 300nF, metalized film capacitor 
(cat. no. 222235225334) 
C21 = C22 = C23 = C24 = 56pF, chip capacitor 
C25 = C30 = 10 uF (40V), electrolytic capacitor 
(cat. no. 222212117109) 
C31 = C33 = 18pF, chip capacitor 
(chip capacitors: ATC type 100B - C - MSX - 500) 


Rl = R2 = R5 = R6 = 100 Ohm, power metal film resistor 
PR52 type (cat. no. 232219231001) 


R3 = R4 = 10 Ohm, carbon resistor CR68 type 
H1 = H2 = 3dB - 90° coupler, model no. 10262 - 3, 
range 125 to 250 MHz, ANAREN MICROWAVE INC. 
L1 = L2 = 25 nH; 2 turns enamelled Cu wire (1mm) ; int. diam. 
5 mm; leads 2 x 3 mm. 
L3 = L6 = 90 nH; 5 turns closely wound enamelled Cu wire (1,5mm) 
int. diam. 6,5 mm; length 5 mm; leads 2 x 9 mm. 
L4 = L5 = 60 Ohm stripline; w = 2 mm; length = 30 mn. 
L7 = L8 = 30 Ohm stripline; w = 6 mm; length = 11 mn. 


L9 = L10 = 40 Ohm stripline; w = 4 mm; length = 5 mm. 

L11 = L12 = 20 nH; Cu strip (1mm); length = 17 mm; h = 5 mm;w=4mm. 
L13 = L14 = 30 Ohm stripline; w = 6 mm; length = 17 mm. 

L15 = 116 = 30 Ohm stripline; w = 6 mm; length = 4mm. 
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28 nH; 2 turns enamelled Cu wire (1,5mm); int. diam. 
6,5 mm; length 9 mm; leads 2 x 3 mm. 

L19 = L20 = 30 Ohm stripline; w = 6 mm ; length = 6mn. 

L21 = L22 = 50 Ohm stripline; w = 3 mm; length = 15 mm. 


L17 = L18 


PHILIPS 


The stiplines are printed on double Cu-clad printed circuit 
board with epoxy fibre-glass dielectric ( Cain 4,5); thickness 
1/16 inch. 


om on os om oe oe oF ae © ae om wm em em oe am oP OP om ow Go mm oe © am om oe om Op ow oF ge om ow me oe a oe eo oe eae BS eT ew eT eee ewe ee eS ee 


Rl = 150 Ohm, carbon resistor CR25 type 

R2 = 100 Ohm, preset potentiometer CTP10 type 

R3 = 10 Ohm, carbon resistor CR25 type 

R4 = 1000 Ohm, carbon resistor CR25 type 

R5 = R6 = R7 = 1,8 Ohm, rectangular wirewound resistor EH/0/7 type 
R8 = R9 = 180 Ohm, carbon resistor CR25 type 


R10 = 33 Ohm, carbon resistor CR25 type 
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Cl = C3 = 100 nF, metalized film capacitor 
C2 = 100pF, ceramic capacitor 

C4 = 10 uF, electrolytic capacitor 

Dl = BZY 88 (3V3) 

D2 = BY 206 

Tl = BD 136 
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Class A bias circuit for a single transistor BLV33F 
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Unfortunately the numbers in the lay-out of fig. 9 do not 
correspond with those of the schematic diagram of fig. 1. 
The reader is referred to the translation table below. 
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Number in lay-out Number in schematic 
(fig. 9 ) diagram (fig. 1) 


Rl R3 
R2 R5 
R3 R6 


C2 Cl 
C3 C3 
c4 C4 
CS Ci 
C6 C8 
C/ 
C8 C14 
C9 C15 
C19 
C13 © 
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Fig. 9: Lay-out of amplifier with situation of components. 
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ABSTRACT 


Theoretical designs of wideband amplifiers for TV transposer service 
in bands III-IV-V are given. 

The amplifiers use the BFQ68 adjusted in class-A at Veg = 15V and 

I, = 240mA. 

Three designs have been made. The table below shows the expected 
performance for the case that 2 amplifier branches are combined®) . 


Freq. range (MHz) | 470 - 860 174 - 230 174 - 860 
Power gain (dB) 101-051 18,4 + 0,1 9,74 O52 


Es (Wg) at 
IMD = -60 dB 1,38 1,48 1,29 
x) Appr. R.A. P6lzl 


By means of 3dB 
hybrid couplers. 
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DESIGN OF LINEAR POWER AMPLIFIERS FOR TV BANDS III-IV-V 
WITH THE BFQ68. 
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INTRODUCTION 


The BFQ68 is a transistor intended for application in MATV 

amplifiers. It is however also very suitable for driver and 
Output stages of TV transposers. The recommended operating 

point in class A is: 


Vee = I5V, Les 240mA 


CE 
At a frequency of 860 MHz it will produce a peak sync output 
power of 780mW typ. at a 3-tone I.M. distortion of -60dB and 
a heatsink temperature of 25°C. The power gain is then 10,5 
dB typ. 


The high efficiency combined with the low supply voltage make 
the BFQ68 very suitable for application in transposers fed from 
solar cells. 

The encapsulation is the 3} inch stud type with ceramic cap 
(SOT-122). 

In this report the theoretical designs of 3 wideband amplifiers 
with the BFQ68 will be given: 

a. one for TV band IV-V (470-860 MHz) 

b. one for TV band III (174-230 MHz) and 

c. one for the combination of TV bands III, IV and V (174-860MHz) 
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TRANSISTOR DATA 


In the table below typical power gain, input impedance and 


PHILIPS 


optimum load impedance are given at 6 frequencies. 


6,36 - j2,52 | 45,9 + j6,9 
6530 = J1559 1 “4555 4 .97,9 
6,26 - j0,81 | 45,0 + j8,9 


6,13 + j3,58 | 39,2 + j15,6 
6,07 + j6,24 | 33,5 + j18,4 
6,00 + 8,67 | 28,1 + 19,3 


Table | 


A simplified equivalent circuit of the BFQ68 is shown 
ao eae | 


1,/77nH 0,71NH 
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TV BAND IV-V AMPLIFIER 


The circuit diagram is depicted in fig. 2. 
The input network is the same as in Ref. 1. 
The output network is a stripline version of the one described 


0 in Ref. 2. 
Z S32 The bias decoupling is only given for high frequencies. 
3 oF The usual components for lower frequencies must of course be 
= O56 
Wi OW 
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The following results have been obtained from calculations: 

- the maximum V.S.W.R. of the output network is 1,08. 

- the input V.S.W.R. varies from 1,43 (at 860 MHz) to 11,1 
(at 470 MHz) to correct the variation of the power gain of 
the transistor. 
After combination of 2 amplifier branches by means of 3dB - 90° 
hybrid couplers”,the resulting power gain will be 10,1 + 0,1.dB 
and the minimum peak sync output power for a 3-tone I.M. 
distortion of -60dB will be 1,38W. 
These data hold for typical transistors at a heatsink 
temperature of 25°, 
*) see e.g. Ref. 4. 

TV BAND III AMPLIFIER 


PHILIPS 


A simular amplifier can be designed for use in TV band III 


(174-230MHz). The power gain is then of course much higher. 
Fig. 3 shows the schematic diagram. In the input network a 


damping resistor has been applied to ensure sufficient stability 
(Rl). 
The calculated performance is as follows: 


maximum V.S.W.R. of output network 1,01 

input V.S.W.R. varies from 1,39 (at 230 MHz) to 6,15 

(at 174 MHz), | 

After combining 2 amplifier branches with 3dB - 90° hybrid 
couplers, tne resulting power gain becomes 18,4 + 0,1dB and 
the minimum peak sync output power for a 3-tone I.M. 
distortion of -60dB will be 1,48W. 
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TV BAND IITI-IV-V AMPLIFIER 


Due to the favourable product of optimum load resistance and 
Output capacitance of the BFQ68 amplifiers can be made with 
a very large bandwidth (up to 1GHz). Fig. 4 shows the schematic 


at diagram of an amplifier that covers the TV bands III, IV and V 
255 (174 - 860MHZz). 
56% ; : 
= ef In the input network a resistor (Rl) has been added across the 
mos 50 ohms input terminals to Jimit the input V.S.W.R. in band III. 





fr, 
ye 
¢. 


“A: 
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The output network is a 6 elements Chebyshev bandpass filter 
as described in Ref. 1. 
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Calculation of the performance shows the following results: 
- maximum V.S.W.R. of output network is 1,16 
- input V.S.W.R. changes from 1,72 at 860 MHz to 10,6 at 174 MHz 
- combination of 2 amplifier branches with 3dB “06° hybrid 
couplers yields a peak sync output power of 1,29 W min. at 
a 3-tone I.M. distortion of -60dB. 


The power gain is then 9,7 + 0,2dB. 


A disadvantage of the system described here is that hybrid 
couplers covering the whole frequency range from 174-860MHz 
are not available. Therefore these coupters have to be changed 
when going from band III to IV/V or vice versa. 


DRIVER AMPLIFIER 


The amplifier described in Ref. 3 is very suitable for driving 
the amplifier stages described in this report. It is a cascade 
connection of BFQ34 and BFQ68 amplifiers with a power gain 

of 15,5 + 0,3dB in the frequency range of 40 -_860 MHz. 

The peak syne output power for a 3-tone I.M. distortion of 
-60dB is 150mW in bands IV/V and 285mW min. in band III. 

Table II gives a survey of the calculated overall performance 
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Driver BFQ34 + BFQ68 (Ref. 3) 


Output stage 2 x BFQ68 (Fig.2)|2 x BFQ68 (Fig.3)|2 x BFQ68(Fig. 4) 


Freq. range (MHz)}470 - 860 174 - 230 174 - 860 
Power gain (dB) |25,6 + 0,4 33,9 + 0,4 Coxe tO 30 
I1.M. distortion 

(dB) at bars IW. -57 -63 -56 
X-mod. (%) 


at oe = Ws 235 | 350 


Table I] 
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Parts. list Fig. 2 






Cl = 5,6pF, ceramic chip 
C2 = parallel connection of 2,2pF, ceramic chip and 1,2 - 3,5 pF, 
film dielectric trimmer. 
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C3 = 68pF, ceramic chip 
C4 = 68pF, ceramic chip 
C5 = 13pF, ceramic chip 
C6 = 1,2 - 3,5pF, film dielectric trimmer 








L1 = 382 stripline; W = 6mm, | = 10,6 mm. 
L2 = 1 MH, microchoke 
L3 = 382 stripline; W = 6mm, | = 3,0mm. 
L4 = 18,9nH; 2 turns of 0,/mm copperwire, 
int. diam. = 3mm, length = 2,1lmm, leads: 2 x 5 mm 
L5 = 862 stripline; W = 1,5mm, 1 = 11,2mm 


L6 = 862 stripline; W = 1,5mm, 1 = 11,2mm 
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Parts list Fig. 3 


Rl 102, carbon 
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Cl = 24pF, ceramic chip 
C2 = parallel connection of 18pF, ceramic chip and 


4 - 40pF, film dielectric trimmer 


C3 = 680pF, ceramic chip 
C4 = 680pF, ceramic chip 
C5 = 91lpF, ceramic chip 
C6 = 1,2 - 3,5pF, film dielectric trimmer 


L1 = 702 stripline; w = 1,5mm, | = 15,5mm 
L2 = 702 stripline; w = 1,5mm, 1 = 16,5mm 
L3 = 302 stripline; w = 6mm , | = 3,0mm 
L4 = 302 stripline; W 

L5 = 159nH; 8 turns of 0,5 mm copper wire, 


= 6nm, 1 = 3,0 mm 


int. diam. = 4,5mm, length = 8,0mm, leads: 2 x 5 mm. 
L6 = 702 stripline; w = 1,5mm, 1 = 24,1 mm 
L7 = 702 stripline; w = 1,5mm, 1 = 24,1mm 


P.C. board material: 1/16" epoxy fibre-glass (e,~ 4,5) 
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Parts list Fig. 4 


Rl = 5602, carbon 


PHILIPS 


Cl = 6,2pF, ceramic chip 

C2 = parallel connection of 2,4pF, ceramic chip 
and 1,2 - 3,5pF, film dielectric trimmer 

C3 = parallel connection of 270pF and 100pF, 
ceramic chips. 

C4 = parallel connection of 270pF and 100pF, 
ceramic chips. 

C5 = l6pF, ceramic chip 

Cé = parallel connection of 1,5pF, ceramic chip and 
0,5 - 2,0pF, Micro thin trim capacitor 
(Tekelec-Airtronic) 


Ll = 382 stripline; w = 6mm, 1=9,5mm 
L2 = lui, microchoke 
L3 = 382 stripline; w = 6mm, | = 3,0mm 
L4 = 43,1nH; 5 turns of 0,5mm copper wire, 
int. diam. = 2,5mm, length = 4,5mm, leads: 2 x 5mm 
L5 = 862 stripline; w = 1,5mm, 1 = 6,3mm 
L6 = 862 stripline; w = 1,5mm, 1 = 6,3mm 
L7 = 48,2nH; 5 turns of 0,5mm copper wire, 
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int. diam. = 3,0mm, length = 5,5mm, leads: 2 x 5mm 
L8 = 862 stripline; w=1,5mm, 1 = 10,2mm 


P.C. board material: 1/16" teflon fibre-glass (« 2,74) 
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Tet des 


A wide-band linear power amplifier (174-230MHz) 


with two transistors BLV 32 F 








For application in driver or final stages of TV transposers in 
band III (174-230MHz) a linear wide-band power amplifier has been 
aaldenad with two transistors BLV 32 F, coupled by means of 3dB- 
90° hybrids. The class-A D.C. setting of the transistors is 


os = 1 .5A: ‘and Vor = 28V. 


| Gace : 
| 


Two prototypes have been built, the main properties of which are: 
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a a = 


A wide-band linear power amplifier (174-230MHz) 


with two transistors BLV 32 F 


SUMMARY: 





For application in TV transposers a wide-band linear power amplifier 
has been designed with two transistors BLV 32 F. It is a hybrid- 

coupled amplifier for the frequency range of 174-230MHz. 

For this linear application the transistors are operated in class A. 

Tie: DG. Setting 1s I, = 1.5A and Vor = 28V. 

The circuit has been designed according to ref. 1 and ref. 2 and - 

after that submitted to a computer optimization program. 

Fig. A shows the circuit of the amplifier of which two prototypes 


have been built. The applied circuit board is a double copper clad 









print with 1/16" fibre glass as a dielectric (e, = 4.5). 
Practical optimization and tuning has been done on a dynamic gain 
compression set-up. 

Fig. B gives the small signal gain and return losses of’*both 
amplifiers. | 


The output power P. at three intermodulation levels is given in 


sync 
Op 
At re = 20 Watt the cross modulation of amplifier I varies between 


7.5% and 9.5% and of amplifier II between 6.5% and 10% (see fig. D). 


Advice Patents Dept. 
d.d: 
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Fig. E and F show the gain at a constant outout power Bs = 20 Watt and 


indicate that the 1dB gain compression occurs at rs =~ 46 Watt for 


amplifier I and at i =~ 43 Watt for amplifier ITI. 


The heatsink has forced air cooling and the temperature remains below 


PHILIPS 


O ; 
40°C at an ambient temperature of 25° Cs 


The supply voltage V. = 30V. 


a 


Ref. 1: G. Matthaei 





Tables of Chebychev impedance transforming networks of low- 
pass filter form. 


Proc. of the TEEE, August 1964. 


Ref. Zs: Op; PLigalis Urs and RAs -Gibson 


Tables of impedance matching networks which approximate 





Be: | prescribed attenuation versus frequency slopes. 
= | IEEE transactions on microwave theory and techniques, vol. 
53 | MTT 119, no. 4, April 1971. | 
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Fig.F Gain and gain compression 
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Introduction 
For application in TV transposers for band III (174-230MHz) a wide- 
band linear power amplifier has been designed with two transistors 


BLY 32. F, 


The D.C. adjustment of these transistors is a. = 1.5A and V 


CE 
The encapsulation is a 3/8" six leads flange envelope with a 


ceramic cap (NO 220). 





2. Design of the amplifier 


2.1 Some properties of the BLV 32 F 


ee ee ces ee ere me ee ce ee ee ee ee ee ee ee en ee ee ee ee ee ee a 


For class A operation the BLV 32 F is specified at Veg = 28V 


and qn = {.5A. 


The typical gain, input- and load impedance are given below in 









F table 1. 
£ 
Z 
= freq. gain input impedance load oe 
3 (MHz) (dB) ($2) 
174 Leer O65. Tete Sele. + 4 7 ede 
LT AZ 0.65: - > 1446 6.80 4 3) Pals 














5.82 + 4 6.70 


230 16.26 0465) #7) Tass 


table 1 = 


2.2 Output network 
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The 502 system impedance has to be transformed into the 
optimum load impedance for the transistor, which is given in 
table 1. This is done by means of an L-C output network. 
The circuit has been calculated according to. ret... 1} and 


submitted to a computer optimization program. 


Fig. 1 shows the result. 


L 
; L La 





1 NS PR 





L 
£2 
LES 
CC a 
< Se Fig.1 Output circuit. 
45) semiconductor application laboratory SAL Nijmegen - The Netherlands 
a | | 
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It starts with a stripline, width 6mm, which is the soldering 


place for the collector lead of the transistor. The collector 





choke L for the D.C. biasing, is connected to the stripline 


oF 
at a distance of 3mm from the transistor. 


PHILIPS 


The applied p.c. board is 1/16" glass-—fibre with an € = 4.5. 


ig 
L. is a stripline, width 2mm and length 37.6mm. 
Ci consists of 2 chip capacitors in parallel and C, one chip 
capacitor in parallel with a film dielectric trimmer. 
gaey SOUS work 
In the frequency range of 174-230MHz the power gain of the 
be decreased by applying appropriate mismatch at the lower 


| BLV 32 F varies about 2.5dB (see table 1). The gain slope can 
: frequencies. The increasing insertion loss of the network 




















5% a 
SESE 
fs) 42 or ‘ : . , 
£23 approximately compensates the increasing power gain. This 
"Sf : 
GQ sas 
Te ge 5 ; . ; 
gees | mecnod rs described in -ref... 2. 
Ones ® i 
bprog : é 7 1 
ae Fig. 2 shows the calculated input circuit after computer 
eo >e } : 
—3 25 |} as : 
S65 en | optimization. 
rage | 
be oe. 4 
RAE | 
SReog f 
ae 
oe 
ae AN yp 4 
ee ae Ee 
ade 
ESE S | cad 216.3pF | 
ge>8 | 
Fig.2 Input circuit. 
| 
The: AOC tances Ly and L, are executed as striplines. Li 
wicth 6mm to be able to solder the base lead of the transistor; 
L. nas a width of 2mm. Cy consists of two chip capacitors in 
rarallel and Co is one chip capacitor in parallel with a film 
. 
dielectric trimmer. 
| 
| 
; a8 
3. The hybrid coupled amplifier 
i Se ae ae Sheetal eta 
= | 
Ow | 
we i 7 . ‘ : 
go & & 3.1 Practical considerations 
a a a ee 
- &~ (5 
- Qe | In the previous section the theoretical design of a Single 
Oc { 
GEV | = oe ; 
Tees e 4 stage wide-band BLV 32 F amplifier has been discussed. 
¢ 3 cf bem “tei pia P i 1 iW 
ef a memicancuctor application laboratory SAL Nijmegen - The Netherlands 
ia eects acca pales ee nonedeacs 
Faformation presente or tos report is based on pilot studies in our laboratories. It is presented in good faith but 
NW. Philing Glos. crmtisco- ol eken assumes no liability for any consequences of its use. Its presentation does not 
imply a Uceace under any potent, trademark or copyright. 


821 


» Report No.. NCO 8004 PageR 4 





The gain is made sufficiently flat at the cost of an 


impermissably high input VSWR. Therefore, in practice, two 
wide-band stages are coupled in parallel by means of two wide- 


band 3dB-90° coaxial hybrids. The properties of these hybrids 


PHILIPS 


reduce the input: VSWR to: about 1.2. The reflected power of the 
single stages is absorbed by the 50!2 resistance at the 

isolated port. Fig. 3 shows the circuit diagram of the complete 
2x BLV 32 F amplifier. The amplifier has been designed on a 
printed circuit board with epoxy fibre glass as dielectric 


(e,. wo) 2 The “patekness- of the board was 1/16" and. 12 ae 


this p.c. board. To get a good contact between upper and lower 
side, rivets have been used at several places. For the same 
reason, at the edges of the board, copper straps have been 


soldered. 


The Netherlands 


Bach transistor has his own bias unit to cbtain a stable D.c. 


- Eindhoven - 


Product Division Electronic Components and Materials. 


setting. Fig. 6 gives the circuit of such a, blas unit. The 


supply voltage for the amplifier Vo = 30V. 


3.2 Power sweep 


ee ee ee me ee ee 


| 
copper clad on both sides. Fig. 4 shows a positive copy of 
We have built two prototypes of this design. The dmplifiers 


have been optimized by means of a power sweep set-up. With 


The contents of this report are not to be reproduced, in whole or in 
part, nor disclosed to third parties without the written consent of: 
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this set-up it is possible to measure gain compression and 
output power under swept conditions. Gain compression of an 
amplifier correlates with the distortion. So with this power 
Sweep measurement it was possible to find the best compromise 
between a sufficiently flat gain and a high output power at a 


Fig. 5 is the amplifier lay-out. 
low distortion level. This optimum has been established by 
} 


trimming the capacitors Che Cer Coe and Cog: Moreover, the 
base-emitter capacitances Cc. alk C10 had to be increased and 
shifted to the midst of L., and Ly: 
(9) 

QS 

5 © 

Co 

OF 

io 

= ee 

Ow 


Electronic 


ay 
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frequency, measured under small signal conditions. 


amplifier I amplifier II 
GB 
4.2 Intermodulation 


16.4 16.4 116.7 
30 ot 31 
30 24 =| 32 


In fig. 8 is the output power at three intermodulation levels. 


Results: 







174-230MHz 




















gain 





return losses 
input 






return losses 
output 






rt has been measured according to the three-tone test method 
(vision carrier -8dB, sound carrier -7dB, and side-band carrier 
-16daB). Zero dB corresponds to the peak sync. level. 

The minimum output power at -55dB intermodulation amounts to 


23,0: Wace: -for-amplitner 2. and 22.5 Watt for now TL. 


wa 
a 
ee) 


Cross modulation 


Fig. 9 shows the cross modulation through the band at three 


P levels. It is a two tone measurement (vision carrier OdB, 


changed from white level (-20dB) to peak sync. level (OdB). 
The observed change of the voltage anpiatide of the sound 
carrier is called cross modulation. It is expressed as a 
percentage of the amplitude of the sound carrier (vision 


carrier at white level > -20dB). 








It is measured with the spectrum analyzer; which is operated 


} 
| 

| 

| 

| 

| 

| sound carrier -/7dB). The amplitude of the vision carrier is 
| 

2 

| 

| 

i 

| 

i . . 

Ete tite Limear ‘mode. 

| Ata P. level of 20 Watt the cross modulation of amplifier I 
| Varies: from 7555 tO 9.5%. and of amplifier Tt -Erom 6.5% ‘bo 
! 


ee 


pe 
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4.4 Gain and gain compression at high output power 


versus, frequency at a constant output power of 20 Watt 


is shown in fig. 10 and fig. il. 


From the measured Po versus P. curves one can see that at 


PHILIPS 


200MHz the 1dB gain compression occurs at an output power of 


about 46 Watt for amplifier I and 43 Watt for -amplifier II. 





Conc Lusi on 2 


It is possible to build a linear amplifier with excellent 


The main properties of two prototypes are: 


fband III amplifier amplifier | 
ne It 


| gain (Po = 20 Watt) 22% 16.1+0.3 


performance with two transistors BLV 32 F. . 


| 
| return losses at bee 
input and output 


Tre Netherlands 


P, at 1dB gain 43 


| compression (200MHz) 


Eindhoven - 


Product Division Electronic Components and Mate, sis 


Posyne at -55dB inter- y Zed 
modulation 


| cross modulation : 10 
at Po = 20 Watt 
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. List of components 
= A3pF chip capacitor, ATC 100 B. 
= 18pF chip capacitor, ATC 100 B. 


= C =e = 1.8-18pF, film dielectric trimmer. 


25 26 


PHILIPS 


Cat noe 2222: 809 09003. 
2x 6SpF chip. capacitor, ATC 100 B. 


Cog = ©80pF chip capacitor, Philips NPO 
Cat ino. 22227) Bae. 1368 ls 














C13 = Cia = Ci = Cig = 330nf, metalized film capacitor. 
Coy = Coo = C53 = Coy = 30pF chip capacitor, ATC 100 B. 
C54 = Cog = 220pF hip Capacitor, ATC 100 “By 
Cag = C25 = L2pF Chip capacitor, ATC 100° -B. 
C24 = C35 = 10kpF ceramic capacitor, 63V. 
a Gat now 2222> 629 DLLs. 
ges Cis = Cie = 10UF, 63V electrolytic capacitor. 
5 £ 
£°? «6 C33 = 100nF, metalized film capacitor. 
gies | 
g5 08 R, =R, = R= R= 1002 metal film resistor PR 37. 
eRe: R, = Ry = 102 carbon film resistor CR 25. 
e sus R, = 1k6 carbon film resistor CR 37. 
gk $8 Ry = 32900 carbon film resistor CR 25. 
gE 5 5 Ry = 2208 cermet potentiometer. 
ae: 
=eat Rot = Roy = 1500. carbon tidm- resistor ‘CR 25. 7 
© < 6 2 LO) el 
ees Rig. = 1102 carbon film resistor CR 37. 
8 ea 8 = = = “ } 1 8. 
2323 Ry 3 Ray Ris 3.991 carbon film resistor CR 6 
L, = L, = 60.22 stripline w = 2mm 1 = 49.3mm. 
lain 2S Ly = Lo = Le = 30.19 stripline w = 6mm 1 = 3m. 
5 6 1uWH choke 
L, = L = 74nH 6 turns of imm enamelled Cu wire. 
9 10 
D, = 4mm J] = 10.4mm. 
Ite 
| Lay = L,» = 60.22 stripline w = 2mm 1 = 40.4mm. 
Ly, = Loy = 28.1nH 3 turns of 1mm enamelled Cu wire. 
D, = 4mm 1 = 7mm. 
ake 
H, = Hy = 3dB-90° hybrid coupler, model no. 10262-3 
Anaren Microwave Inc. 
” 
28 D, = BZX 79-C6V8. 
fe 2 e 206 
= Ae Bie es . 
eEV Ty = BD 136. 
i Oo @ 
E ‘aT Semiconductor application laboratory SAL Nijmegen - The Netherlands 
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For application in TV transposers in band 4/5 (470-860MHz) a 
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A wideband hybrid coupled amplifier (470-860MHz) 


with two balanced transistors BLV 57 


SUMMARY. 





For application in TV transposers for band 4/5 (470-860MHz) 
a wideband linear power amplifier has been designed with two 
balanced transistors BLV 57. In this hybrid coupled 

amplifier the BLV 57 operates in class-A with a DC-setting 

of I, = 2x850mA and Vor = 25V. 

The circuit has been designed according to ref. 1 and ref. 2 
and after that submitted to a computer optimization program. 
Fig. A gives the schematic line-up of the complete amplifier. 
The applied circuit board is a double copper clad PTFE fibre- 
glass print with an =e 2.74 and a thickness of 1/32 inch. 
Fig. B gives the small signal gain and return losses of the two 
prototypes and fig. C the gain compression. | 

The output power (Po Syne at three intermodulation levels 

is given in fig. D and the cross modulation at two power 

levels in fig. E. 
The heatsink has forced air cooling and its temperature 


remains below 40°C at an ambient temperature of 25°C. 


The supply voltage is 28V. 
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Introduction 
For application in TV transposers for band 4/5 (470-860HHz) a 
wideband linear power amplifier has been designed with two 
transistors BLV 57 in class-A. 

The BLV 57 is a balanced transistor (two identical chips) in a 


Single envelope with a ceramic cap (NO 229). 


2e Design Of (ihe ampli tier 
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2.1 General remarks 


The schematic line-up of the complete amplifier is given in 


biga “1s 
yy, cy, &C — 
2 = a | 
90° r + 90 
3dB “ii 348 
j ; 
50a B balanced 
> Atty #&F BLV 57 > a c > 
= tI c branch , Yo 4 





Pigz: 1 
The amplifier consists of 2 balanced circuits, both equipped 





with a BLV 57 and coupled in parallel by means of a wideband ~ 


O 
3dB-90 coaxial hybrid at the input and output. 
Each BLV 57 has 2 input circuits and 2 output circuits (one 


for each cnip) connected to a coax balun (L, and L,) which 


1 
splits a 502 unbalanced port (A) in two 252 ports (B and C). 
The vhase-shift between B and C is 180°. 

The baluns (Ly and L,) are 502 semi-rigid coax cables, 


soldered over the whole length atop a transmission line (1, 


or ly) of 2mm width. 
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To maintain circuit symmetry another shorted stub (1, Or 1.) 
with the same length has been added. 
For the amplifier a PC-board has been applied of PTFE fibre- 


PHILIPS 


glass with an c. = 2.74, copper clad on both sides with a 
thickness of 1/32 inch. 

To get a good contact between upper and lower side, rivets 
have been used at several places and copper straps have been 


soldered at the edges of the board. 


2:2 Bias Circuit 


Each transistor has its own bias unit to obtain a stable DC- 
setting (see fig. 2 page 11). This bias unit enables the 
adjustment of the base current of each chip of the BLV 57 by 


means of potentiometer Ros to obtain equal collector currents. 
The potentiometer R, adjusts both base currents simultaneous. 


After an accurate measurement of the values of resistors Ri5 


- The Netherlands 


Product Division Electronic Components and Materials. 


and Ri 3 the collector currents of the BLV 57, and the 


difference between them, can be determined easily by measuring 


Eindhoven 


the voltage-drop over these resistors. 
The supply voltage of this bias unit is 28V. 
Fig. 3 on page 12 shows the positive copy of the PC-board and 


the lay-out of the bias unit. 


2.3 Some properties of the BLV 57 
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For class-A operation the BLV 57 is specified at I, = 2x850mA 
and Vor = 25V. 
The typical gain, input and load impedance of a half BLV 57 


(one chip) are given in table 1 on the next page. 


components 
and materials 


Huups] Electronic 
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Frequency impedance load impedance 
(MHz) (2) 
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mo WwW Ww FP UN NT NT HD WH 





table 1 


2.4 Output network 


The 252 of the balun has to be transformed into the optimum 


- The Netherlands 


Product Division Electronic Components and Materials. 


load for the half transistor (one chip), which is given in 
table 1. This is done by means of an L-C output network. 

The circuit has been calculated according to ref. 1 and 
Submitted to a computer optimization program. 

Because the BLV 57 is a balanced transistor with two 
identical chips, there are two identical output circuits with 
a virtual ground between them. | | 


Fig. 4 on the next page shows the calculated output circuit 
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connected to the balun, described in section 2.1. 
Two capacitors of 2.2pF and a resistor of 12 prevent 


oscillation at higher frequencies. 
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The stripline L, (width 3mm) is the soldering place for the 





6 
collector lead. The transistor is biased through the stripline 






Le (width 2mm). This stripline has been connected to Le and 


Le at a distance of 3mn From the transistor. Le is a stripline 


. with a width of 3mn and Ly with a width of 1.5mm. 


Cy consists of a chip capacitor in parallel with a film 


Gielectric trimmer. Ce. is a film dielectric trimmer and Ce is 










a chip capacitor. 






2-5 Input network 


In the frequency range of 470-860MHz the gain of a half BLV 57 





(one chip) varies about 4dB (see table 1). 







To decrease this gain slope an appropriate mismatch at the 





lower frequencies is necessary. The increasing insertion losses 









of the network approximately compensate the increasing gain 






at the lower frequencies. This method is described in ref. 2. 


mmm mm mm 
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For the same reason as described in section 2.4 there are two 
identical input circuits with a virtual ground between tnem. 
Fig. 5 shows the calculated input circuit after computer 
optimization connected to the coaxial balun, described in 


section 2.1. 


502 yl2488mm C1 L2 3 





12,7pF 145mm 


(:48.o6mm 


Paegut 
The striplines L, and L_ (width 3mm) form together the 


4 5 
soldering place of the base lead. 


The width of the striplines L., and L. is 1. Sm 


1! c, and C3 are chip Capacitors. 
Phe Cirvcure Of a, *couplete  beanch- (see: tig. 1). 1s given. in 


THe Capacitors -C 


Pigu.-6 On. vage: 13. 


Adjustment of the amplifier 


Se: Oiepute irene 


To obtain the highest possible output power il is essential 
that the transistor is given that load admittance which gives’ 
the least distortion in the used frequency range. 

Therefore, for tuning, the transistor has to be replaced by a 
dummy consisting of a resistor and a capacitor in parallel to 
represent the complex conjugate of the optimum load 
admittance. The value of this dummy (soldered between the 


connection points of both collectors) has been calculated on 


392//8.2pF. 
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With the help of this dummy the output circuit has to be 





adjusted for good return losses at the output of L by 





10 


tuning the capacitors Cio and Ci and by shifting the 


capacitors C13 and Cia on Lo and Li (see fig. 6 on page 13). 


The position of the capacitors C13 and Cia on the striplines 


A typical curve of the 







determines the value of Lo and Lj4: 


return losses at the output of Lig 







after tuning is given in 





7 on page 15. 





fig. 


EDDUP Circuit 






Before tuning the input circuit, the dummy has to be replaced 






by the transistor, with a DC-adjustment of I. = 2x850mA and 





Vor = 25V. To decrease the gain-slope of the branch the 


input circuit has a mismatch at lower frequencies (see 







section 2.5). 





To achieve a sufficient flat gain the capacitance of Cyr Coe 





C3 and Cy and also the position of C, and Cy (see fig. 6) can 


be optimized in a sweep set-up under small signal conditions 







(P, = 1ImwW). 
1 





A typical gain curve of a balanced branch (one BLV 57) and 






the corresponding return losses are given in fig. 8 on page 





16. It is obvious that the worse return losses at the lower 





frequencies are produced by the mismatch of the input 





CIiTCRTC:. 









The hybrid coupled amplifier 






In the previous section the adjustment of a balanced branch with 


one BLV 57 has been discussed. The gain is made flat at the cost 






of impermissably high return losses. 





Therefore, in practice, two wideband branches are coupled in 





parallel by means of two wideband 3dB-90° coaxial hybrids. The 







properties of these hybrids reduce the return losses to at least 






16dB. 





The reflected power of the balanced branches is absorbed by a 50% 







resistance at the isolated port (see fig. 1). 
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Fig. 9 on page 17 gives a positive copy of the PCeboard of the 





complete amplifier. 






Fig. 10 on page 18 shows the lay-out of this complete amplifier. 







5. Measured performance 








5.1 Small signal gain and return losses 


function of the frequency, measured under sinall signal 






conditions. Results: 







470-860MHz 








gain 






return losses input 








table 2 









5.2 Gain compression 


me cn ree ree eee ee we ee ee 






Fig. 12 on page 20 shows the measured Py versus P. curves at 






600MHz, which is the most critical frequency in the range. 






Gain compression of 1dB occurs at an output power of about 






ose: 


28W for both amplifiers. 






5.3 Intermodulation 






LG n 21 ‘ey P i i 
In fig. 13 on page the output power ( m aunts is given as 


a function of the frequency at three intermodulation levels. 






It has been measured according the three-tone test method 







(vision carrier: -8dB, sound carrier: -7dB and sideband 









signal: -16dB). 


Zero dB corresponds to the peak sync. level. The minimum 







output power at -60dB intermodulation amounts to 12.4W for 


amplifier 2 and 12.2W for amplifier 3. 






5.4 Cross modulation 







of the frequency at two P levels. 
Oo sync 
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= 


It is a two-tone measurement (vision carrier: OdB and sound 
carrier: -7dB). The amplitude of the vision carrier is 


changed from white level (-20dB) to peak sync level (0OdB). 


PHILIPS 


The observed change of the voltage 

amplitude of the sound gapeien 2: called cross modulation. It 
is expressed as a percentage of the amplitude of the sound 
carrier (vision carrier at white level). It has been measured 
with a spectrum analyser operating in linear mode. 

At a P level of 15W the cross modulation of amplifier 2 


o sync S 
varies from 3.4% to 9.4% and of amplifier 3 from 4.1% to 8.8%. 


* 


6. Conclusions 


It is possible to build a linear power amplifier with excellent 


performance with two transistors BLV 57. 


The main properties of the two prototypes are: 


band 4/5 amplifier 2. amplifier 3 


gain (P, = imw) 


- The Netherlands 
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return losses input 
return losses output 


P, at 1dB gain compression 


P. sync at -55dB intermod. 


(3-tone, -7, -8, -16dB) 
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cross modulation at P= tS 





table 3 
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Ci = 1OUF, 63V electrolytic capacitor, cat.no. 2222 030 28109 
c, = 470nF, metallised film capacitor, cat.no. 4322 352 45474 
Cc, = 100nF, metallised film capacitor, cat.no. 2222 352 45104: 
R, = 100%, cermet potentiometer, cat.no. 2122 350 00066 

R. = 12085 GR 25 type, cateno.. 2922 211 13771 

R. = 15000), CR. 25 type, catbsnoel 2322 “2il 13152 

RHR =R,= 4.792, enamelled wire-wound, cat.no. 2322 330 22478 
Ro = 82%), enamelled wire-wound, cat.no. 2322 330 22829 

Rg = 209, cermet potentiometer, cat.no. 2122 350 00057 

Rg=R, = 390; CR 25 @ipe, cat.no. 2322 211. 12999 

Ray = 10) Ch 25 type, cat.no. 2322 211 I3109 

Ri o=Ry a= 0.15&, wire-wound PM 10 type, cat.no. 2322 326 51157 
D, = BY 206 

Ty = BD 140 


Pigs: 2% Bras. Crrcure 
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Fig. 3: lay-out and PC-board of the bias unit 
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8. List of components BLV 57 branche 


C =C,=10pF Chip capacitor, Philips NPO, atuno. 2222: 851° 13109 
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1 
C. = 3.9pF chip capacitor, Johanson, no. 500R 15N 3R9 CA 
C, =l2pP ‘chip. capacitor, Philips NPO, ‘cat.no. 2222 651 13-129 
Co=Cl= 127 C157 1OOnF , Philips NPO, See 2222 B55 43104 
Ce=Cg=100pF mM PHELE DS NPOG! GaEsiGs: 2222-3527 L310 
Cg -=8. 2pF HW ATC.” BRIG 
C59 C 1 771-3-OPF film dielectric trimmer, Philips, cat.no. 
™ 2222 809 05001 
C1 17C,676-8HF, 40V, electrolytic capacitor, Philips, cat.no. 
2222 030: 37688 
C1376 47 l lOprF chip Capacitor, -ATC, 1117 | 
Cig S197 22pF ‘chip. Capacitor, Philips NPO; Catsno. 2222 651. 13229 
sia CoCo 1 =2- 2PF chip capacitor, Johanson, no. 500R,15N 2R2 BA 
gies L,=49mm semi-rigid coax, 2.2mm @, Z =508, PTFE dielectric 
g3° 8 soldered on 2mm stripline 
3283 or 
ie: L=L, 5 stripline (2 =5782) , 14.5x1i.5mm 
2 zu s = = i i = 
S3c8 L. L,3 stripline (Zo 57) 7 12s8e 1. Simm 
2539 = = ] } Oa 3 ae 
Bee L, Li, stripline (2 362%), 2 «3 mn 
58s L.=L. stripline (Z_=36%2) , 1 x3 mm 
£3 3% = = ‘ : we ns 
3335 Le Lig stripline (2. 3682) 3 a8 mm 
2586 Lj=L,4= stripline (2 =4802) , 172 7x2. im 
2323 Lo=L, = stripline (Z_ =362) , 8.8x3 mm 
Lg=Lj9= stripline (Z =5782) 15.2x1.5:mmn 
L, .=46mm semi-rigid coax, 2.2mm @, Z =502, PFTE dielectric 
10 ie ee Cc 
soldered on 2mm stripline 
Lia = stripline (2 =5082) , 49x 21am 
Log = stripline (2 =9082) , 46x2mm 
L,,=L55= 470nH micro choke, cat.no. 4322 057 04771 


R=120) -CR 25 type, cat.no. 2322 211 13129 


w” 
2s 
a 
222 
ome) = 
a OC: 
SCED 
®oec 
wood 
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i: Introduction 
For application in driver stages of TV transposers in band 3 a wide- 
band linear amplifier has been designed with two transistors BLV 30. 


The theoretical design has been given in report ECO 8004 written by 


PHILIPS 


Mr. A.H. Hilbers. 


The transistors operate in class-A at Vor = 25V and In = 460mA. 


The encapsulation is a &% inch stud type with a ceramic cap 


(SOP 222)... 





25 Design of the amplifier 


2.1 General remarks 
The amplifier consists of 2 circuits, both equipped with a BLV 
30 and coupled in parallel by means of a wideband 34B-90° 
coaxial hybrid coupler at the input and the output. 


For the amplifier a PC board has been applied of epoxy fibre- 


- The Netherlands 


Product Division Electronic Components and Materials. 


glass with an oe = 4.5, copper clad on both sides with a thick- 
ness of 1/16 inch. To get a good contact between upper and lower 
side, rivets have been used at several places and copper straps 

have been soldered at the edges of the board. To reach a small 
emitter inductance also straps have been soldered at the 


emitter contacts to the lower side of the PC board. 


7 


2.2 Bias circuit 
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Each transistor has its own bias unit to obtain a stable DC 
setting. These bias units have been mounted atop the PC board 
of the amplifier. 

The supply voltage of these 2 bias units is 27.5V. 

Fig. 1 on page 7 shows the positive copy of the PC board, the 


layout and the circuit of a bias unit. 


2.3 Some properties of the BLV 30 


For class-A operation the BLV 30 is specified at I, = 460mA and 
, Vor = 25V. 

2s The typical gain, input- and load impedance are given in table 
QSEo 
6 3 s 1 on the next page. 
Se 
®6e 
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table 1 


frequency input impedance load impedance 
(MHz) (82) (§2) 


174 13:08: -j0 529 20.8 + j19.6 
202 LO7: obs 053 L758 + 419.5 
230 1.07 45°90. 74 15.2 + 319.0 
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2.4 Output _network 
The 502 system impedance has to be transformed into the optimum 
load for the transistor over the frequency range 174-230MHz. 
This is done by means of an L-C output network. The circuit has 
been calculated and submitted to a computer optimization 


program (see ref. 1). 


Fig. 2 shows the calculated h.f. output circuit. 


L6 L7 C13 
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fig. 2 


The small 302 stripline L, (w = 6mm, 1 = 3mm) is the soldering 


6 
place for the collector lead. 

The transistor is biased through the inductance L, which 
resonates with the transistor output capacitance in the middle 


of the frequency band. 


2.5 Input network 


In the frequency range of 174-230MHz the gain of the BLV 30 


varies about 2.5dB (see table 1). 
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To decrease the gain slope the input circuit has a mismatch at 
the lower frequencies and a matching at the high end of the 
' frequency band. 


Fig. 3 shows the calculated h.f. input circuit after computer 


PHILIPS 


optimi zation. 


L3 
C3),680pF Lt L2 : 
' a— WM Y 






fig. 3 
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The inductances L. and L. are executed as striplines. The strip- 


line L. = 35mm long and 2mm wide (Zo = 609). The stripline L, 


is 12.9mm long and 6mm wide (ZO = 302) and is also the 


soldering place for the base lead. The transistor is biased 


through the inductance L,- 
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3. Tuning of the amplifier 


Tuning of the amplifier takes place before coupling the two 
branches with the 3dB-90° hybrid couplers. 

Each individual branch has been optimized by means of a powersweep 
set-up. In this case the hybrid couplers have been replaced by 2 
short lengths of 502 semi rigid cable connecting the input to C3 
and the output to C13" Ci4 and Cis (see fig. 4 on page Bis 


In the powersweep set-up it is possible to measure gain compression 


and output power under swept conditions. 


2] 
2g Because gain compression correlates with the distortion, in this 
53 
= Oo @ 
6 Se powersweep set-up it is possible to find the best compromise between 
o&v a sufficiently flat gain and a high power at a low distortion level. 
wu oO 
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Minimum gain compression and sufficiently flat gain have been 
established by trimming the capacitors Cc. and C14 (see fig. 4 on 


page 8). 
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4. The hybrid coupled amplifier 


In tHe previous section the tuning of a branch.with one BLV 30 has 
been discussed. The gain is made flat by accepting 
high input return losses. This problem is solved by coupling the 
two branches in parallel by means of two 3dB-90° coaxial hybrid 
couplers. The properties of these couplers reduce the return losses 
to at least 23dB. The reflected power of the balanced branches is 
absorbed by a 502 resistance at the isolated port (see fig. 4 on 
page 8). 

| Fig. 5 on page 10 gives the positive copy of the PC board of the 


| complete amplifier. 
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Product Division Electronic Components and Meterisis. — 


Fig. 6 on page 11 shows the layout of this complete amplifier. 


5. Measured performance 


5.1 Small signal gain and return losses 


Fig. 7 on page 12 shows the gain and return losses as a function 


of the frequency, measured under small signal condition. 


The gain is min. 18.3dB and max. 18.9dB. 
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The return losses are at least 23dB. 


5.2 Intermodulation 


In fig. 8 on page 13 the output power eeg) is given as a 
function of the frequency at three intermodulation levels. It 
has been measured according the three tone test method (vision 
carrier: -8dB, sound carrier: -7dB and sideband signal: -16dB). 
Zero dB corresponds to the peak sync. level. 


The minimum output power at -55dB is 5.5 Watt. 


5.3 Cross modulation 


— ee ee ee ee ee ee ee 


YW) 

22 Fig. 9 on page 14 shows the cross modulation as a function of 
Oo & 
-— © ® 
eS the frequency at five P levels. 
Sse = - Osync 
SED 
2 oc 
lui Oo w 
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It is a two tone measurement (vision carrier: OdB and sound 
Carrier: -7dB). The amplitude of the vision carrier is changed 
from white level (-20dB) to peak sync. level (QdB). The observed 


change of the voltage amplitude of the sound carrier is called 


PHILIPS 


cross modulation. It is expressed as a percentage of the 
&mplitude of the sound carrier (vision carrier at white level) 
and has been measured with a spectrum analyser operating in 
linear mode. 

Ata Posync level of 7 Watt the cross modulation varies from 


about 15% to 20% and at 5 Watt from 7.9% to 9.7%. 


>-4 Gain compression 
Fig. 10 on page 15 shows the measured Po versus P. curves at 
174MHz. Measurements showed this is the most critical frequency 
in the range. 


Gain compression of idB occurs at an output power of 10 Watt. 
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6. Conclusions 
The in this report described amplifier has excellent performances. 


The main properties of the band 3 amplifier are: 
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gain (P = 2W) 18.6 + 0.3dB 
return losses input 2 23dB 
return Losses output 2 230B . 
Posyae at -55dB intermod. 2 5.5W 


(3 tone, -7, -8, ~16dB) 
cross modulation at Es = 5W € 9.7% 


ee at 1dB gain compression > 10W 


7. References 
ref. 1: G.L. Matthaei 
Tables of Chebychev impedance transforming networks of low 


pass filter form. Proc. of the IEEE, August 1964. 
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R, = 10002, CR 37 type cat.no. 2322 212 13102 
R, = 1002, cermet potentiometer cat.no. 2122 350 00066 
R, = 752, CR 25 type cat.no. 2322 211 13759 
Ry = 1002, enamelled wire wound Catino. 2322: 330 22101 
R. = 682, CR 37 type cat.no. 2322 212 13689 
Re = R, = 102, enamelled wire wound cat.no. 2322 330 22109 
Cy = 100pF, ceramic capacitor cat.no. 2222 632 10101 
Co = 100nF, metallised film cap. cat.no. 2222 352 45104 
C3 = 1000pF, ceramic capacitor cat.no. 2222 630 02102 
D, = BZX 79, 3V6 
D, = BY 206 
a T, = BD 140 
nO 
< ee= fig. 1: BLV 30 bias circuit and layout scale 1:1 





Information presented in this report is based on pilot studies in our laboratories. It is presented in good faith bu 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. [ts presentation does not 
imply a licence under any patent, trademark or copyright. 


874 


Recort No.: NCO 8102 PageR 8 


PHILIPS 


- The Netherlands 


a 


The contents of this report are not to be reproduced, in whole or in 


part, nor disclosed to third parties without the written consent of: 


Product Division Electronic Components and Materials 
ce 
Ls 
sz / 
9 
— Vy 
circuit of the BLV 30 amplifier 


NV. Philips’ Gloeilampenfabrieken - Eindhoven 


L2 
ED LD 2 a aa 


4: 


eT 
= 


fig. 


2 
238 
40) 
See 
CED 
as 
Won 


Semiconductor application laboratory SAL Nijmegen - The Netherlands 





Information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


875 


Report No.. NCO 8102 PageR 9 


8. List of components of the BLV 30 amplifier 
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Cc, = 10pF, chip capacitor, NPO size 0805 cat.no. 2222 851 13109 
Co = 2-18pF, film dielectric trimmer cat.no. 2222 809 05003 
C3=CE=C, p= O80PF, chip capacitor, NPO size 1210 cat.no. 2222 852 13681 
C,= 5 18pF, chip capacitor, NPO size 0805 cat.no. 2222 851 13189 
C5=Cy 4=330nF, metallised film capacitor cat.no. 2222 352 45334 
Cy = 68pF, chip capacitor, NPO size 0805 cat.no. 2222 851 13689 
Cg = 56pF, chip capacitor, NPO size 0805 cat.no. 2222 851 13569} 
| Cia 10uF, electrolytic capacitor cat.no. 2222 030 28109 

C137 43pF, ATC chip capacitor 100B-430-J-P-x-500 
Ci4m 2-9pF, film dielectric trimmer cat.no. 2222 809 05002 
Cast 5.6pF, ATC chip capacitor 100A-5R6-B-P-X-50 

3H) R,=RS=R,=R,= 1002, CR 37 type cat. nes 2522212 13108 

oe?t R, = 102, CR 37 type cat.no. 2322 212 13109 

ue 

234; L, = 28nH, 3 turns of imm copper wire, int. dia. = 3mm, length = 4.1mm 

zeit L. = stripline (Zo = 602), 35x2mm 

fags L, = stripline (Z = 302), 12.9x6mm 

ae L, = 1yH, microchoke cat.no. 4322 057 01081 

sid: De = 30.8nH, 4 turns of 1mm copper wire, int.dia. = 3mm, length = 7.6n 

ee Le = stripline (Zo = 308), 3x6mm 

2328 hn = 34.1nH, 4 turns of imm copper wire, int.dia. = 3mm, length = 6.6 


H, =Ho= Anaren 3dB-90° hybrid coupler, model no. 10262-3 


PC board material: epoxy fibre-glass (e. = 4.5), thickness: 1/16 inch 
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fig. 5: PC board of the BLV 30 amplifier 
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fig. 6: layout of the BLV 30 amplifier 
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fig. 9: cross modulation of the BLV 30 amplifier 
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PE Le 


Wideband class AB power amplifier (174-230MHz) with two 


transistors BLV 36 


SUMMA RY 


For application in Ty transposers and transmitters a wideband power 
amplifier has been designed with two transistors BLV 36. It is a 
hybrid coupled amplifier for the frequency range 174-230MHz, with 
the BLV 36 operating in class AB. The main properties of the 


amplifier are gathered in the table below. 


band 3: 174~230MH2 ee ell 


DC setting . Ico 2x 150mA 


Vor = 28V ~ 


gain at P = 200 watt 11.5dB + 0.3dB 
out “ 


gain at 1dB gain compression > 10.5daB 


Pets at 1dB gain compression > 260 Watt 


efficiency at P = 250 Watt > 45% 
out 





The applied p.c. board is double copper clad epoxy fibre glass 
(¢c = 4.5), thickness 0.8mm. The heatsink has forced air cooling. 


The supply voltage is 28V. 
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out of phase. The case is an 8 lead envelope 


(NO 229). This transistor has been developec 


class AB d.c. setting. The optimum quiescent 


er chip and tne V = 28V. 
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= branch 
ee 252 25.0. 
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= nee fig. 1: schematic line-up 
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FOr application tn- TV Gronsposers ard “trancui.cers for band. 3 


a wideband power amplifier as beer itesigned witn two 


identical transistor chips mounted in a single case, driven 180 
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The amplifier consists of two branches, both with a BLV 36 
transistor, which are coupled by means of a wideband 3dB 
coupler at in- and output. Each BLY 26 “as two input and two 
output circuits (one for each transistor chip). The baluns Ly 
and L,! connect the 259 balanced ports B and C to the 
unbalanced 508 port A. The phase shift between B and C amounts 
to i80°. The balun is a 502 semi-rigid cable (2.2mm o.d.). The 
amplifier has been designed on epoxy glass fibre print material 
EL = 4.5), thickness 0.8mm, copper clad on both sides. 

To get a good contact between the upper and lower side, rivets 
have been used at several places and copper straps have been 
soldered alongside the edges of tne board. Moreover, at the 


places where the emitters of the transistors have been grounded, 


contact has been established witn the lower side of the print. 


Properties of the BLV 36 class AB 


The optimum d.c. setting of the BLV 36 for class AB operation 


is View = 28V and a quiescent current Ic, = 150mA for each 
jan 


transistor chip. Typical gain, input impedance and optimum load 
impedance of a chip at Es = 75W and Vor = 28V are given in 
fable. ‘bs 


table 1 


freq. (MHz) input impedance ({2) load impedance ({2) 
| 74 (ouo8 O27. 4002 


+++ 4+ 4+ 4+ 4+ + 


Os + 
Os. te 
tae: =e 
de + 
me + 
Pe + 
De + 
Ds + 


The figures have been calculated with the aid of a large signal 


equivalent circuit for this device. 
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~utout network 


e° 
iy 
‘ 
; 
>) 
1 


The 25:3: of the balun has to be transformed into the optimum load 
for half tne transistor (one chip) whicr is given in table 1. 
This is done by means of an L-C outrut network whicn has been 
calculated according to ref. 1, and submitted to a computer 
optimization program. The BLV 36, being a balanced device, has 


two identical output circuits with a virtual ground inbetween. 





figs 22 Calculated Output circuLe 


The ¢ollector biasing coil L has an active role in the 
transformation procedure. The coil outweights the imaginary part 
of the impedance at that point. The 50% semi-rigid coaxial 


cable (o.d. 2.2mm) is soldered atop the stripline Ly! 
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eure) SAD UE Melon’ 
The input impedance of one BLV 36 transistor chip (see table 1 
page 3) has to be transformed into the 252 of the balun. At the 


same time the gain variation of 1.2dB nas to be eliminated. 


PHILIPS 


This has been done by applying appropriate mismatch at the 
lower frequencies. This method is described in ref. 2. The L-C 
network also has been submitted to a computer optimization. 


Fig. 3 shows the input circuit for a BLV 36. 
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fig. 3% Calculated amput-cirewie 


The 508 semi-rigid coaxial cable (o.d. 2.2mm) again has been 
soldered atop the stripline L,'- 
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35 (AG JAStMe Mt. OF “Tie ainp ia er 





en EDU Guero ee 
if Ene Peovicus- section the theoretical design: of anampli tier 
branch is given. To obtain maximum output power the BLV 36 
should see the optimum load impedance, given in table 1 page 3. 
Practical. tuning of the output. circuit ts established by 
replacing the BLV 36 by a dummy, consisting of a resistor and a 
capacitor in parallel, representing tne complex conjugate of 
the optimum load impedance. The circuit is tuned for minimum 
reflection at the output terminal. | 
The applied dummy (soidered between the connection points of 


both collectors) has been calculated on 9f!//82pF. Fig. 4 shows 


a typical curve return losses versus frequency. 


So Dae “eeu t 


After tuning the output circult tne dummy 1s replaced by a 

BLV 36 transistor. The two transistor chips get their d.c. 
setting (Ic, = 150mA, Vor = 28V) with the aid of a bias circuit” 
(each chip has its own bias circuit). Fig. 5 shows this circuit 
and the print layout. The gain of tne amplifier branch is made 
surticiently fae by tuning the input circuit. This is done 


_ 


under power sweep conditions. Fig. 6 shows the circuit of a 


tuned BLV 36 amplifier branch ; fig. 7 the gain versus frequency 
curve at an output power ae = 100 Watt, plus the input return 
losses. 


4. Hybrid: coupled -amplitier 
In the previous section the tuning of one BLV 36 amplifier branch 
has been described. The gain has been made flat by means of mismatch 
at the input. By coupling two branches by means of 3aB-90° hybrid 
couplers the influence of this mismatch at in- and output terminal 
is eliminated. These couplers reduce the return losses to at least 
20dB. The reflected power is absorbed by the 50% termination 


resistor at the isolated port (see fig. 1 page 2). 


See appendix (page R 20). 
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5. Measured performance 
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5.1 Gain versus frequency 


em mm ee ee ee were ee ee ee ee ee ee ee ee 


Fig. 8 shows tne p.c. board of the complete amplifier. The layout 
Fig. 10 shows the measured gain as a function of frequency at 


three levels of the output power. 


me od Fh Ve rele Ou rest row 
The measured gain as a function of output power at two 
frequencies is in fig. 11. The collector efficiency is better 
tnan 45:2. Table 2 shows the d.c. current per transistor chip at 
an amplifier output power of 250 Watt at several frequencies. 


Trese figures have been measured with a current meter with a 


ciip-on d.C.. Current probe.-.HP 4288). 


- The Netherlands 


Product Division Electronic Components and Materials. 











table 2 
: Pout = 250 Watt 
MP 16-27 no. 4 MP 16-21 no. 2 
I, (A) I, (A I, (A) Ty (A) 
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Fig. 12 shows output power versus input power at 174MHz. The 1dB 
compression point occurs at ees = 270 Watt. The output power at 
1dB compression at several frequencies throughout the band is 
shown in fig. 13. Gain compression most rapidly occurs at 


174MHz. 
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6. Conclusion 
It is possible to build a class AB amplifier with two band 3 class 


AB transistors BLV 36. The main properties of this amplifier are: 


PHILIPS 


174-230MHz2 


DC setting BLV 36 2x 150mA 


= 28V 
Gain at: P = 200 Watt Li«SdB + 0. 34aB 
out = 
gain at 1dB gain compression > 10.5dB 
Phat at 1dB gain compression > 260 Watt 


efficiency at P = 250 Watt Ba 
Out 





7. References 
Ref. 1: G.L. Matthaei 


Tables of Chebychev impedance transforming networks of low 


- The Netherlands 


pass filter form. 


Proc. of the IEEE, August 1964. 


- Eindhoven 


tO 


Ref. O. Pitzalis Jr. and R.A. Gibson 

Tables of impedance matching networks which approximate 
prescribed attenuation versus frequency slopes. 

IEEE transactions on microwave theory and techniques, VOuk¢ 


MIT LTO nOe- Ay Boric 19714 


The contents of this report are not to be reproduced. in whole or in 
part, nor disclosed to third parties without the written consent ot. 


NV. Philips’ Gioellampenfabrieken 
Product Division Electronic Components and Materials 


Electronic 
components 
and materials 


Semiconductor application laboratory SAL Nijmegen - The Netherlands 





ey 


Information presented in this report is based on pilot studies in our laboratories. [t is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


892 


Report No. NCO 8103 PageR 9 





PHILIPS 





MT EEZ_ 


- The Netherlands 


The contents of this report are not to be reproduced, in whole or in 
Eindhoven 


part, nor disclosed to third parties without the written consent of. 


N.V Philips’ Gloedampentabneken 
Product Division Electronic Compunents anu Materials. 





Seene Seses Seeeenbenes S88 SHASL2 PACHA CURSE GESAT ERSNG SASS 

SSaee : woee S BHSSE SEES SEBS SUBSE asEne seone 

losses(dB)I- aia speccse agaeu nadaee a seass aaeae aaaee pe Hee mola 

2a = _ eeenn sees wea pated aaes* SHUG9 ORES 

BSSSS S2RRE sae" os ed Gu scasaaumen 
Sane aanan wae seene seectis Basaae a sf 
















BERT SREP SHSSE BELLAS FASTA saone 80608 SEGRE FSG88 SERSS 
2) 170 180 190 200 210 220 230 

eS, 
25d 

e 
SSE 
Ore a Fig.4. Tuning the output circuit. 
© 
2 Oc 
Won 


Semiconductor application laboratory SAL Nijmegen - The Netherlands 





PHILIPS 


Information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


893 


Report No: NCO 8103 PageR 10 





a 2 ee gt $e EEE ES Ce AS 


- The Netherlands 


Eindhoven 





circuit. 


The contents of this report are not to be reproduced, in whole or in 
Part, nor disclosed to third parties without the written consent of. 


NV. Philips’ Gloeilampenfabreken 
Product Division Electronic Components and Materials 


BLV 36 AB 
HvH 





wa print and lay-out. Scale 1:1 
255 
co 
fee 
oEP ee ee re 
ve ig.5. ias-circuit. 
WO 1g s-circul 


Semiconductor application laboratory SAL Nijmegen - The Netherla 





PHILIPS 


Information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


894 


Report No.: NCO 8103 PageR 11 


Parts List bias circuit 





PHILIPS 


R, = 1k2 carbon resistor CR 68 
Ro = 4k7 carbon resistor CR 25 
Ry = 390 carbon resistor CR 25 
ae 228 carbon resistor CR 68 
Ro = 39% carbon resistor CR 16 
Re = 2k2Q carbon resistor CR 68 
Ra = 5002 trimpotentiometer, cat.nc. 2122 350 00045 
Ro = 682 carbon resistor CR 37 
C, = 47uF/40V elco, cat.no. 2222 030 37473 
C, 7 C, = 100nF/250V;, metallised £iim, Cateno.. 22272 352 45104 
C3 =(]O0UF/40V elco;, cat.no. 2222 031. 37101 
Tv, = BD 234 
: T, = BD 233 
2 T, = BC 546 
fi TS BD: 139 
: D, = BZX 79 C/6V8 
Ba D, = IN 825 


LED = COY 94 
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COP, I OO SCY 6 a Sle 6S 


412 stripline, w = 2mm, 1 = 101mm 


50% semi-rigid coaxial cable, d = 2.2mm, 1 = 101mm soldered on 
a 4192 stripline, w = 2mm, 1 = 101mm 
L, = 4192 stripline, w = 2mm, 1 = 30mm 
Le = 312 stripline, w = 3mm, 1 = 5mm 
Le = 312 stripline, w = 3mm, 1 = 4.4mm 
Lio = 0.1UH choke Philips cat.no. 4322 057 O1L071 
= L>5 = 15.1nH; 1 winding of enamelled Cu wire, @ 1.5mm, int. 
diam. 8.3mm, leads 5mm 
= Lia = 31% stripline, w = 3mm, 1 = 3mm 
= Lig = 312 stripline, w = 3mm, 1 = 12.5mm 
=( Leo = 419) stripline, w = 2mm, 1 = 3mm 
= Loo = 412 stripline, w = 2mm, 1 = 34mm 
= 410 stripline,. w = 2mm, 1.= 113mm 
= “50. semi-rigid coaxial cable, gd = 2.2mm, 1 = 113mm, soldered 
on a 419 stripline, w = 2mm, 1 = 113mm 
C. = 30pF chip, ATC 100 B 
Cio = 2-18pF film dielectric trimmer, Philips cat.no. 2222 809 


05003 
Os2pP Chip, ATC -100-B 
91OF “Chips ATC: 100: :B 


= 1.5-9pF film dielectric trimmer, Philips cat.no. 2222 809 05002 


Ch = C13 = (6600F CGhipy Philips Cabos 2272 65213681 


= 47uUF elco, Pnilips cat.no. 2222 030 37479 


) 


| 
CPO Ce CeO sg 
II 


() 
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Fig.7.Gain and input return losses of a BLV36 branch. 
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Fig.8. Amplifier p.c. board. 
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Fig.9. Amplifier lay-out. 
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Appendix 


The applied bias circuit is an universal class AB bias circuit, 


commonly used in our development laboratory for testing a wide 


PHILIPS 


range of different transistor types. Therefore it has some features, 
e.g. protection against short circuit in the h.f. transistor, the 


possibility of varying Vie between 0.4 Volt and i Volt and the 


collector voltage Vo between 12 Volt and 55 Volt. 


A more simple, but adequate bias circuit for the 2x BLV 36 amplifier 


is shown in the figure below. Transistor T, should follow the 


temperature variation of the BLV 36. The R,-C, combination prevents 


the Dias circuit, from-oscil lating. 


- The Netherlands 


Eindhoven 


The contents of this report are not to be reproduced, in whale or in 
part, nor disciosed to third parties without the written consent of- 


NV. Philips’ Gloelampentabrieken - 
Product Division Electrome Components and Materials. 





Parts list 


Ric 82082 carbon resistor CR 68 

R, = 102 carbon resistor CR 25 

R, = 10{2 cermet potentiometer cat.no. 2122 350 00056 

B= Re 1502 enamelled wire wound cat.no. 2322 330 32151 
Re = 2281 carbon resistor CR 25 
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PS aera tence aaeiensieetiniset erate 
| 


C, = ATGP/40V GeO Philips ‘catenoy 2222 030: 37479 

C. = Cc, = Cy = 100nF/250V metallised film, cat.no. 2222 352? 45104 
Cc. = 100LF/40V elco Philips cat.no. 2222 031 37101 

a = Bb 35 

T, = BD 233 
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Additional to report NCO 8101 more information 

is given about the construction of a BLV 57 

band 4/5 linear power amplifier for T.V. trans- 
poser applications. 

Attention has been payed to good mechanical and 
electrical contacts, and a low thermal resistance 


by means of a forced air-cooled heatsink. 
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Introduction 


In the application report NCO 8101 two amplifiers for band 4/5 
with BLV 57 transistors have been described. 

Reactions on this report proved the necessity to give more 
information about the construction of these amplifiers. 

This construction has been based on a heatsink with a PC- 
board at the upper side and the bias circuits and a forced 


air-cooling at the lower side. 


Printed circuit board 


In the PC-board rectangular holes have been made to mount the 
BLV 57 transistors on the heatsink. For fastening of the PC- 
board on the heatsink by means of screws, 7 holes of 3.1 mm@ 


and for the fastening of the hybrid couplers 8 holes of 2.6 mm Y 


in i a re ew a ee a 


have been made on the indicated places (see fig. 1). 

Hereby has been taken into account the use of Anaren hybrid 

couplers, type 10264-3, suited for tne frequency range of 

500-1000 MHz. 

Because the 2 bias units have been situated at the lower side 

of the heatsink, the connections from these units to the circuit 

take place through the PC-board and tne heatsink. 

For this purpose 9 holes of 2 mm @ are necessary (4 collectors, 

4 bases and 1 ground). 

To make a good éeGund Soneace between the upper and the lower 

Side of the PC-board the following measures have been taken: 

- On 8 spots rivets have been used and soldered at both sides 
to the metallisation of the PC-board. The holes of 2 mm @, 
needed for these rivets, have been situated as indicated in 
Pe. he 

- Copper straps with a thickness of 0.2 mm have been soldered 


at all edges of the PC-board. 
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- A good emitter to ground contact has been achieved by sol- 


dering 8 copper straps from the upper to the lower side of 


PHILIPS 


the PC-board on the spots of each emitter lead. 
- The input connector and the output connector have been screwed | 
to the heatsink but the ground also has been soldered to 
the PC-board. 


2 Heatsink 


For the BLV 57 amplifiers, described in report NCO 8101, a 
blackened heatsink of Seifert Electronic, type KL-117 with a 
length of 191 mm has been used (see fig. 2). 

At the lower side forced air-cooling has been applied with a 


fan trade mark Etri, type 99XU 01-81 with an air displacement 


- The Netherlands 


of 16 litres per second (see fig. 3). 
By applying this air-cooling the thermal resistance decreased 


O a) 
from: 04.5 Che te. Ox Ce 


Eindhoven 


4. Mechanical machining of the heatsink 


The raised edges at the top side of the heatsink have been 
removed because the printed circuit board has a width of 


113 mm (see fig. 2). 
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To fit the heatsink to the PC-board the following machinings 
have been carried out: 
= pacansuise holes of 2.8 mm deep have been mould in the 
heatsink because the transistor leads have to be soldered 
on the PC-board. 
Also it was necesarry to make savings of 4 mm wide and 0.6 mm 
deep at the pesttions of the straps on the PC-board. The 
transistors have been fastener with M 2.5 screws in the 


heatsink (see fig. 4). 


YW”) 
NO 
es - To achieve that the PC-board lays tight to the heatsink 
— ™ 
SE also savings have been made in the heatsink on the spots 
6 © of the 8 rivets through the PC-board. 
rs) 


Electronic 
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- For fastening the PC-board on the heatsink on 7 places 


holes with M3 screwthread have been made in the top side 
of the heatsink, corresponding with the indicated holes in 
the PC-board. 

- The two hybrid couplers also have been fastened in the heat- 


Sink with screws through the PC-board. Therefore 8 holes 


have been made with M 2.5 screwthread, corresponding with : 
the PC-board holes. 

- The input and output connectors have been fastened to the 
heatsink with M3 screws. The mid contact of each connector 
makes contact with the PC-board. 


5. Conclusions 


With the construction of the BLV 57 amplifiers a good thermal 
resistance (0.2 “C/.) has been achieved by means of a forced 


alr coo Ling. 


heatsink and printed circuit board and a good ground contact 
on the PC-board by means of rivets and straps at the. edges 


| 
Attention has been payed to a good mecnanical contact between 
and under the emitter leads. - 
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A WIDEBAND CLASS AB HYBRID COUPLED AMPLIFIER 
(470-860 MHz) WITH TWO BALANCED TRANSISTORS BLV 57 


SUMMARY 


For application in TV transmitters in band 4/5 a wideband linear 
power amplifier has been designed with two balanced transistors 
BLV 57 in a class AB DC-setting (Vip Z5Vv and T= 2x100mA) . . 

A class A amplifier designed around the BLV 57 has been des- 
cribed in reports NCO 8101 and NCO 8201. 

The results of the class AB input and output circuit calculations 
are about similar to the results of the class A application. 
Therefore the p.c.-board design of the class A-amplifier can 

be used. | | 

The applied circuit board is a double copper clad PTFE fibre- 
glass print with an€ =2.74 and a thickness of 1/32 inch. 


The heatsink has a forced air cooling. 


The main results are: 









DC-setting 





I 7 4x1 00mA, Vag tov 








Gain at P =5watt 
out 










P at 1dB gain compression 
out J mp 


| Efficiency at 1dB gain compression 


af @ 
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1. INTRODUCTION 
The BLV 57 is a balanced transistor in an 8 lead envelope (SOT 161) 
for class A operation in TV-transposers for band 4/5. 
A class A amplifier, designed around two transistors BLV 57, has 
been described in report NCO 8101 and the construction of this 
amplifier in report NCO 8201. | 
Because there is also a typical class AB specification a wide-band 
power amplifier has been designed around two transistors BLV 57 
in class AB. 


The quiescent current Tug 710OmA per chip and the Vop2>¥: 


2. DESIGN OF THE AMPLIFIER 


2.1. General remarks 


The schematic line-up of the complete amplifier is given in 


io gee 





Fig.1: Schematic line-up 


The amplifier consists of two branches, both with a BLV 57 
transistor, which are coupled by means of a wide-band 3dB-90° 
coaxial hybrid coupler at the input and output. 

Bach BLV 57 has 2 input circuits and 2 output circuits (one 
for each chip) connected to a coax balon (L, and i which 
connects the 25!) balanced ports B and C to the unballanced 
50Q2 port A. 


918 ../5 
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The phase-shift between B and C is 180°. 
The p.c.-board design, the material and the construction 
of the amplifier is equal to the class A amplifier described 


in the reports NCO 8101 and NCO 8201. 


Bias circuit 


Each transistor has its own bias unit to obtain a stable 
DC-setting for class AB operation (see fig.2). This bias 
unit anables a stable adjustment of the collector currents 
of the BLV 57 by means of potentiometer Ros 
To follow the temperature variation of the BLV 57 the tran- 
sistor tT, has been situated on the heatsink near to the 
HF-transistor for a good thermal contact (see fig.5). 


Some properties of the BLV 57 


re es Se ee ee ee ee Se eee eee ee cee ee oe cee ee ee ee ee ee ee ee oe oe 


The optimum DC-setting of the BLV 57 for class AB operation 
is Vag 2oV and a quiescent current of I 477 100mA for each 
transistor chip. The typical gain, input and load impedance 
of a half BLV 57 (one chip) are given in table I. 

These figures have been calculated with the aid of a large 


od 


signal equivalent circuit (P =17.5W). 


5 


Frequency f Input impedance Output impedance 


(MHz) (§2) 


Table I 


./6 
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2.4. Input and output circuit 


The calculation of the input and output circuit is the same 

as described in NCO 8101 chapter 2.4. and 2.5. 

The results are about similar to the results of the class A 
application, making it possible to apply the same p.c.-board 
design. 

The tuning of the output circuit is also as described in 
report NCO 8101. The dummy now consists of a 30% resistance in 
parellel with an 8.2pF capacitance. 

In fig.3 the return losses at the output of one branch are 
given after tuning the output circuit with the help of this 
dummy .To achieve a sufficiently flat gain the capacitance 

of C, and C, and also the position of C 


3 4 3 
optimized in a sweep set-up with a constant output power of 


(see fig.4) can be 


5W. The position of C, and C. is close to the ceramic cap 


4 5 
of the BLV 57. 


HYBRID COUPLED AMPLIFIER 


As mentioned in chapter 4 of NCO 8101 the two branches are coupled 
by means of 3aB-90° hybrid couplers. Fig.5 gives the p.c.-board 
of the complete amplifier and Fig.6 the lay-out. 


MEASURED PERFORMANCE 


4.1. Gain and return losses 


Fig.7 shows the gain and input return losses as a function 

of the frequency at a constant output power P now. The gain 

varies from 6 to 6.9dB. The input return losses are at least 

12dB. 

Fig.8 shows the gain versus output power at the frequencies 500MHz 
and 800 MHz. The increase of gain at low power level can be 
reduced at the cost of the average gain level by decreasing 


the quiescent current. 


Ae a 
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4.2. Output power 


Fig.9 shows the output power as a function of the frequency 
at 1dB gain compression. The output power is at least 
42.5Watt and above 530 MHz between 50 and 60 Watt. 


The average efficiency at 1dB gain compression is 50%. 


5. CONCLUSION 
This report shows that it is possible to operate the class A 
transistor BLV 57 with a class AB DC-setting in a hybrid coupled 
wideband amplifier (470-860MHz) with good performances. 


The main properties of the amplifier are: 


BLV 57 band 4/5 amplifier 


DC-setting Tog=4x100mA ,V_.=25V 


Gain at P > 6dB 
out 


eer at 1dB gain compression > 42.5 Watt 


Efficiency at 1dB gain compression > 45% 
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CRC =C4=C = 150nF, metallised film capacitor,cat.no.2222 352 45154 


R,=1500 itn CR 25 - type; Cat.noe 2322 20%, g3152 


R,=102, cermet potentiometer, cat.no.2122 350 00056 


Re=R,=120M- > CR 52 types catsnod. 2322 213:.13121 


4 


R.=1502, CR 25 type, cat.no. 2322 211 13151 


O WW bd 


Tat S= BD 139 
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55 L 2h, stripline (2,=570), 14.5x1.5mm 

ae L,=L,-stripline (2 .=572), 12.8x1.5mm 

E25 . 

5" 3 L,= iq stripline (Z = 3682) 2x 3mm 

as: L.=L,,=stripline (2 cn 36M) » 1x3mm 

ae L.=L, ,=stripline (2 =362) , 3x3mm 

eas — Z 

Bre L =L, =stripline (2 = =48Q), 17.7x2mm 

ae L,-L, g=stripline (20 3622), 8.8x3mm 

32a : ; 
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C,=C,=12pF chip capacitor, Philips NPO, cat.no.2222 851 13129 


is C197 Cog 173+ ORF film dielectric trimmer, Philips cat.no.2222809 0 


ee 

5 Ci g78-2pF chip. capacitor, ATC; -BR2U 
oy alias eee 
Cho =100pF chip capacitor, Philips NPO, cat.no.2222852 13101 


oe 

aie 

reo 1a 1G 
C, 3° =C, 9=110pF chip capacitor, ATC, 111d 


Coy =C,9=22pF chip capacitor, Philips NPO,cat.no.2222 851 13229 


C, 37°C 472 APF chip capacitor, Johanson,no.500R,15N 2R2BA 


C 
=100nF chip capacitor, Philips NPO, cat.no.2222855 48104 


=6.8uUF,40V,electrolytic capacitor,Philips,cat.no.2222 030 







stripline (Z=508) , 49x2mm 


























soldered on 2mm stripline 





L 746mm semi-rigid coax, 2.2mm @, Z .=500 , PTFE dielectric, 





soldered on 2mm stripline 






L, Ahoy 970-1HE microchoke, cat.no.2322 057 01071 












R=122 ,CR25 type, cat.no.2322 211 13129 
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Fig.5 Lay-out of the BLV 57 amplifier 
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no.. RNR-1-233-1982-AS / NCO 8206 
H.van Hees - APPLICATION 





WIDEBAND CLASS AB POWER AMPLIFIER FOR TV _TRANSPOSERS 
AND TRANSMITTERS IN BAND I (50-80MHz) WITH TWO TRANSISTORS 


BLV 36 


SUMMARY 

ihe transistor BLV 36 1s pramarily intended. for use in: linear VHF 
amplifiers for television transposers and transmitters. In report 
NCO 8103 Mr.v.Hees describes a wideband class AB amplifier with the 
BLV 36 for the TV band III (174-230 MHz). 

On customers request we have also made a theoretical design of such 
an amplifier for the TV band I (50-80MHz). 


The expected performance is: 


Frequency range. : band I 50-80MHz 
+ 
Gain at P_ ,=200W : 17.2dB - 0.5dB 
out 
Eat at 1dB gain compression: > 250 Watt 
Gain at 1dB gain compression: > 16dB 
Input return losses > 18dB 7 
D.C.setting BLV 36 = 2x150mA 
= 2 
Vor 8 Volt 


Fig.l shows the schematic line-up of the complete apie ie. 

The applied bias-circuit has been described in the appendix of 
report NCO 8103. 

The construction of the baluns Ty and T., is illustrated in Figs.3 
and 4. 


Fig.2 gives the circuit of one BLV 36 branche 
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| 
| 
BLV 36 ! 
: ! 
2) Balun | 
| 
| 
90 iso | 
H2 
i OUT 
Sie O in d 
ae == 
CaaS 50.2 
: Et : Ry ms bias-circuit i 
3 2 Balun 
a2a§ BLV 36 
segs branch 
is Vb] Ve | 
$583 t___| | 
ae ! 
bE | 
eae 
$270 - 
geé 3 Vs = 
zR>3 
me aea 
H,=H, = 90°-3dB hybrid coupler. 
type Anaren 1 AO0230-3. 
Ri=R, = 502 resistor. 
type Pyrofilm PPR 515-20-3 


T, and T, see Fig.3 and Fig.4 


a 
22 
ges 
OO¢E 
= 
Seo 
® : ; ' 
wee Fig.l. Schematic line-up of the amplifier. 
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4C6 toroid 
14x9x5 mm 


Philips cat.no. 4322 020 91020 





502 semirrigid coaxial cable. 


a a a ee no oe ee 


type Suhner RG 178 B/U. 
oe 1.8mm 

Fig.3. Balun T,- Scale 2:1. 

Two 4C6 toroids. 

23x14x7 mm 





502 semi-rigid coaxial cable. 
type Suhner RG 188 A/U. 


Ser tad 2.6mm 


Fig.4. Balun T Scale 2:1 
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PARTS LIST 


ie 


(oe) 


C=C, =C 
+ © 


> 


C-=110pF ATC 
C_=110pF ATC 
C_=680pF ATC 


C,=240pF ATC 


oO @O ws WM 


Cry 


iS oA 
C_=27pF ATC 100B. 


10°~12 


RNR~1-233-1982-AS 


page > 


a ol Chip capacitor Philips: cat.no.2222 852° 13272 


=0-40pF trimmer Philips cat.no. 2222 809 07009. 


LOOB, 
100B. 
100B. 
100B. 


=130pF ATC 100B. 


C,.,=30pF ATC 100B. 


13 
C 


O96" 51 


L =L,=92.6nH. 


Lb2eL¢=29.4nH. 


3.04 


Lobo =41. 282 
ie See 
19 100n# 


DL, Ah =50nk 


Ug=h 


aia 
aime 


ig 56 


L,,=L 


22,22 


T,=balun 


T,=balun 


ie ig ee 
=47UF/40V elco Philips cat.no. 2222 030 27479. 


19° 2K? chip capacitor Philips cat.no.2222 852 13272. 


4 turns enamelled Cu-wire @ imm, int diam.D=4mm, 
length 5.9mm, leads 2x5mm. 

4 turns enamelled Cu-wire, % imm,int.diam.D=3mn, 
length 8.1mm, leads 2x5mm. 

stripline 1=39.8mm, W=2mm. 

stripline 1=11.3mm, W=3mm. | 

Wechoke, Philips: cat.no. 4322-057: 041071. 

4 turns enamelled Cu-wire, Y 1.5mm, int *diam.D=5mm, 


length 11.3mm, leads 2x5mm. 


=31.2Q stripline, length 1=5mm, W=3mm. 
=3 020) stripline, length 1=9.4mm,W=3mm. 


L,.=27.6nH 3 turns enamelled Cu-wire, @ 1.5mm, int.diam.D=4mm, 


length 8.5mm, leads 2x5mm. 


=47.3nH 4 turns enamelled Cu-wire, Y 1.5mm, int.diam.D=5mn, 


length 12.2mm, leads 2x5mm. 

4 turns coaxial cable type RG 178 B/U, on a 4C6 toroid 
(14x9x5mm cat.no. 4322 020 91920.) 

4 turns coaxial cable type RG 188 A/U, on two 4C6 toroids 


(23x14x7mm, cat.no.4322 020 91070). 


p.c.board material is epoxy fibre-glass (E™4.5), thickness 0O,8mm. 
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APPLICATION 


H.van Hees 


WIDEBAND CLASS A POWER AMPLIFIER FOR TV TRANSPOSERS IN 
BAND I (50-80MHz) WITH TWO TRANSISTORS BLV 33 


SUMMARY 


The transistor BLV 33 is primarily intended for use in linear VHF 

amplifiers for television transmitters and transposers. In report 

ECO-~7904 Mr.Zwanen describes the application of the BLV 33 ina 

transposer amplifier for the TV band III (174-230MHz) . 

On customers request we have made a theoretical design of such a 
s 


linear transposer amplifier for the TV band I (50-80MHz). 


Expected performance: 


Frequency range band I 50-80MHz 

Gain | 17.448 = 0.348 

Input VSWR <1, 95 - 
Output VSWR ns ea 

Output power ere 

at -60dB int <30 Watt 

at -55dB int <45 Watt 


Cross modulation 
at Po. _=40wWatt <7.5% 
sync 


D.C.setting BLV 33 ond 2A/V 25 Volt. 
Fig.1 shows the schematic line-up of the complete amplifier and Fig.2 


gives the circuit of one BLV 33 branch. 


The applied bias-unit has been described in report ECO 7904. 
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bias 
circuit 


H,=H,= hybrid coupler 


Anaren type 1A0230-3 


R,=R,= 502 resistor 


type Pyrofilm PPR 515-20-3 


Fig.1. Schematic line-up of the amplifier. 
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PARTS LIST 
Cie ia is 


=C, 47 39PF chip capacitor ATC 100B. 


=C, =0-18pF film dielectric trimmer Philips cat.no. 2222 809 05003. 


=2K7 chip capacitor Philips cat.no. 2222 852 13272. 
Cc 
Cc 
C,=110pF chip capacitor ATC 100B. 


GC 


OO Ff WwW N 


=C_,=82pF chip capacitor ATC 100B 
9 


Cig C1 = LOOPF chip capacitor ATC 100B. 


Cy 5715 0pF chip capacitor ATC 100B< 
13-715 


18°20 


517 47HF elco Philips cat.no. 2222 030 37479 


Cyr =300pF chip capacitor ATC 100B 


Cc =0.40pF film dielectric trimmer. Philips cat.no.2222 809 07009. 
Cc =330nF polyester capacitor. Philips cat.no. 2222 352 25334. 
Cc 


L,=103 nH 5 turns enemalled Cu-wire, @ 1mm, int.diam.D=5.5mm, length 7.6mm, 
leads 2x5mm 
L.=61.3nH 5 turns enamelled .Cu-wire,@ 1mm,int.diam.D=4.5mm,length 10.6mn, 


leads 2x5mm 


L.=27.1n8 3 turns enamelled Cu-wire,@Y 1imm,int.diam.D=4:4mm, leads 2x5mm. 

L,=30.10 stripline width 6mm, length 1=30mm 

L.=30. 1% stripline width W=6mm, length 1=5mm 

L.=30. 10 stripline width W=6mm, length 1=10.6mm : 

L=60. 20) stripline width W=2mm, length 1=35.. 5mm 

La=1uH _ choke Philips cat.no.4322 057 01081. 

L)=43.8nH 4 turns enamelled Cu-wire, @ 1.5mm, int.diam.D=4.5mm,length 11.3mm, 
leads 2x5mm. 

Lj 9787. 4n# 5 turns enamelled Cu-wire, @ 1.5mm,int.diam.D=6.5mm,length 15.1mm, 
leads 2x5mm 

gee m6 

R,=1022 metal film resistor. 


p.c. board material is epoxy fibre-glass (E=4.5), thickness 1/16". 
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APPLICATION 


WIDEBAND CLASS A POWER AMPLIFIER FOR TV TRANSPOSERS IN BAND I 


(54-88MHz) WITH TWO TRANSISTORS BLV 31 


SUMMARY 


The transistor BLV 31 is primarily intended for use in linear‘ VHF 


amplifiers for television transmitters and transposers. 


In report ECO 8003 Mr.Zwanen/Boekhoudt describe the application 


of the BLV 31 in a transposer amplifier for the TV band III 


(174-230MHz). 


On customers request we have made a theoretical design of such a 


linear transposer amplifier for the TV band I (54-88MHz). 


EXPECTED PERFORMANCE 
Frequency range 

Gain 

Input VSWR 

Output VSWR 

Output power OS eeme 
at -60dB int 

at -57dB int 
Cross modulation 
at BO apago 


D.C.setting BLV 31 


5 4-88MHz 
0.3 dB 


band I 
21aB 
<1.25 
$1.25 


10 Watt 
12 Watt 


S8% 


T.=0.8A/V.=25V 


Fig.1 shows the schematic line-up of the complete amplifier and 


Fig.2 gives the circuit of one BLV 31 branch. 


The applied bias-unit has been described in report ECO 8003. 
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H,=H,= hybrid coupler 
Anaren type 1 A0230-3 


R,=R,= 502 resistor 


type Pyrofilm PPR 515-20-3 
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PARTS LIST 


C1 gC 15 C17 Fk? chip capacitor Philips cat.no. 2222 852 13272 


=C, 9 =30PF chip capacitor ATC 100B 


rae tek 
=82pF chip capacitor ATC 100B. 


C.= 
C..= 
C= =2-18pF film dielectric trimmer cat.no. 2222 809 05003 
Cc 


C_=C_=68pF chip capacitor ATC 100B 
C.=C =200pF chip capacitor ATC 100B 


it 
2 
3 
4 
6 7 
8 9 
Cio / PF chip capacitor ATC 100B 
16-7 


Cig 4/HF elco Philips cat.no. 2222 030 37479 


Cc =330nF polyester capacitor Philips cat.no. 2222 352 25334 


L,=101 nH 5 turns enamelled C wire, Q imm, int.diam.D=5.5mm 
length 7.8mm, leads 2x5mm 

L=67.5 nH 5 turns enamelled Cu-wire, @ 1mm, int.diam.D=4mm, 
length 7.5mm, leads 2x5mm 

L.=25.3nH 3 turns enamelled Cu-wire, @ imm, int.diam. D=4mn, 
length 8.2mm,leads 2x5mm. 

L,=30.1% stripline, width 6mm,length 39mm. 

L.=1HH choke Philips cat.no.4322 057 01081 

L,=30. 1% stripline, width 6mm, length 5mm. 

Lj=131nk 6 turns enamelled Cu-wire, @Y imm, int.diam.D=6mm 
length 10.6mm, leads 2x5mm. 


L,=45.5nH 4 turns enamelled Cu-wire, Y imm, int.diam.D=4mm 


length 7.3mm, leads 2x5mm 


L,=93nH 5 turns enamelled Cu-wire, % imm, int.diam D=5.5mm 
: length 8.8mm, leads 2x5mm 
R=102 metal film resistor 


p.c. board material is epoxy fibre-glass (€, or Ae). thickness 1/16" 
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A WIDEBAND SINGLE STAGE LINEAR POWER AMPLIFIER 
EQUIPPED WITH 2X BLV38 FOR BAND IIT T.V. 


In this report a description is given of a wideband power 
amplifier for television services in band III (174-230MHz). 


The amplifier is intended for vision amplification and 
operates in class-AB. 2 


It utilizes two push-pull transistors BLV38. These devices 
have internal prématching. Both transistors are coupled by 
means of 3dB-90° coaxial hybrids. 


The nominal output power amounts to around 450W for -1dB 
power gain compression at a supply voltage of 35V. 
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INTRODUCTION 


For application in television band III (174-230MHz) a 
wideband power amplifier has been designed with two 
transistors BLV 38. 


The BLV38 is a push-pull device i.e., two identical 
transistor chips are mounted in a single case and driven 
180° out of phase. 


This case is a 5-lead envelope with ceramic cap. (SOT- 
179). 


The BLV38 has been developed to operate in class-AB with 
zero Signal collector idling currents of approx. 2x200mA 
from a stabilized collector supply voltage of 35V. 


For optimal operation and matching the BLV38 is pré- 
matched. | 


This report describes the design, construction and 
practical results of the amplifier. 


- DESIGN OF THE AMPLIFIER 


Fig.1 shows the block diagram of the complete amplifier. 
Essential elements are: 

- The single BLV38 wide-band amplifier 

~ The coaxial 3dB-90° hybrid = 

- The bias circuit. | 


input 
SOS 


30B~90° 





Fig.l. 


These three elements will be discussed in this order. © 
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THE SINGLE BLV38 WIDE-BAND AMPLIFIER 


Properties of the transistor and some info of the 
test method. 


The Data Handbook publication is as follows: 


f = 224.25MHz;? Vep=35V; Ie(zg)=2x0.2A; Ty=25°C 


Py, =225W ; Gp>8.0dB;G, typical 8.8dB 
No>50% ie typical 58% 
Py, =112.5W ; Gp>9.0dB;G, typical 9.8dB 


dGp at 225W <1.0dB; typical 0.65dB. 


These values are valid in a wide-band circuit being 
tuned at the highest frequency 224.25MHz. , 
Further: 

Assuming a 3rd order amplitude characteristic, 1dB 
gain compression corresponds with 30% sync input/25% 
sync output compression in television’ service 
(negative modulation, CCIR system). 


The, here described, amplifier has been created 
during the final phase of development of the BLV38. 
In that period the transistor design was ready, but 
exact impedances as a function of frequency were 
unknown. Because the author has to do both viz. 
developing the BLV38 and performing applications it 
has been started with the practical m@éasurement of 
the input- and load impedances of the device at three 
spot frequencies 175, 200 and 225MHz. 


Up to that moment the only available circuit was the 
semi-wideband test circuit. This circuit has been 
designed for transistor impedances being calculated 
with the aid of the equivalent circuit diagram of the 
BLV38. 


Except for a somewhat uncertain part of this 
equivalent diagram viz. the mutual coupling between 
the bonding-wires of base and emitter in the pré- 
matching section, rather reliable complex impedance 
figures could be predicted. Surely, in the case of 
the relative low frequency range up to 225MHz. 


In principle these calculations are done on the 
single-ended transistor, or in this case one half 
BLV38. The earth line then is equal to the virtual 
one inside the device. 

A practical impedance check is advisable. However in 
that case one needs a circuit that can be tuned from 
at least 175 to 225MHz and handle the rather high 
power. 
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This specific test circuit has been constructed for 
502 input and output impedance to earth and is the 
one being published in our Data Handbook. 


Although, as has been stated before, the latter 
circuit in principle has been developed for wideband 
operation we changed it slightly i.e. the tuning 
range is somewhat more accented to the highest 
frequency 225MHz. So, some improvisations were 
needed. 


. Impedance measurements 


Although, it is quite easy only to repeat here the 
already published impedances of the Data Handbook, 
some info will be given about the measuring and 
calculation methods. 


A possible method to measure the actual complex 
impedances belonging to a matched transistor for a_ 
given frequency, power, supply voltage, class of 
operation and temperature is to make first the device 
operational under these conditions and measure then 
the passive properties of the networks around the 
transistor. 


However these networks can be rather complicated. For 
example in case of the BLV38 they contain a three- 
stage impedance transformation and a shortened balun. 


So, the well known method of removing the transistor, 
matching the input and output with the 
characteristic impedance (50N) and remeasuring the 
conjungate or direct complex impedance into the 
matching sections does not work here very well 
because of the following handicaps: 

- the input and output are balanced | 

- the impedances are strongly deviating from 50N. 


Another possibility is to measure from the 509 input 
or output into the direction of the removed 
transistor. 


It can be proved that the actual push-pull transistor 
impedances can be calculated then from the complex 
reflection coefficients (50N level) occuring if one 
exchanges the transistor resp. by a short-circuited, | 
a plain, and some with known, but different (3) 
resistors (and inductances) equipped, dummy 
encapsulations. 


In this way, the already calculated impedances, have 


been checked. The correlation with the calculated 
impedances was acceptable (see chapter 3.5.). 
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3.3. The output matching network 
Fig.2 shows the configuration of the output network. 


@ +Vec 





tuned circu/t 


+Vcc 
Figs 2. 


This network may be divided again in two parts viz. 
the tuneable part and the balun (balanced-unbalanced) 
transformer. 


It has been drawn here according to-the ultimate 
diagram, however for calculations it is much easier 
to apply the asymmetrical model (Fig.3) including the 
parasitic series inductances of the capacitors. 


t Vee 


SON 
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3.4. Value of RFC 
The collector choke should have three functions: 
1) supplying the d.c. to the collector 
2) making part of the transformation 
3) preventing parasitic oscillations at low 
frequencies (MHZ range). 


1) Is necessary, 2) may help sometimes, but is not 
advisable here, 3) is a must. 

An advise value for the RFC can be calculated from 
X;, * 5.Rp and 

Rp ® (Vog-Vcg sat)*/ 2-Py0 

So L(nH) * 800 (VoR-VecF sat) 2/f. Py =34.42nH (f in MHz) 
It has been chosen for 30nH. 


3.5. Published output impedance versus frequency 






f (MHz) Ry + i ti {0 ) Conjugate complex diagram 
150 2. 86 J 1.61, Coll. 
170 2657 ve 1<54 
190 2.30 +} 1.44 
210 2.06 +} 1.31 
230 1.85 +} 1.16 C=/82.25 pF 
250 1.66 +} 1.01 
R=4.84.2 


Fig. 4 


As has been mentioned before the impedances are 
calculated and checked under practical conditions. 
The published data are calculated from the quite 
simple equivalent diagram of Fig.4 and so somewhat 
streamlined. 

In this case: 


R = (Vor-Vegsat) 7/2+Pr=(35-2) 2/2.112.5 = 2.79 

C= 1.15 (Coni + Cobo + Coe) + Ce = 182.25pF 

L = Lpy2 + Lo ¥ 0.82nH 

The R,;, + jXz, are the conjungate complex impedances. 


Our practical check gave: 


f = 175MHz; Ry, + jXy, = 2.17 + j 1.65N 
f = 200MHz; Ry, + jXy, = 2.03 + j 1.439 
f = 225MHz; Ry, + jXy, = 1.56 + j 1.339. 


So rather reliable figures. These values were used 
for the designs of the here described amplifier. With 
the aid of a computer programme it is possible again 
to find the best fitting 3-components network like 
Fig.4. The elements with an maximum error of 5.1% 
have been calculated to be R=5.19N; C=200.52pF and 
L=0.815nH. 
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For a frequency of 200MHz the recalculated impedance 
changes somewhat to 1.92 + Jj 1.482 in series- 
components or 3.06 and j 3.97N expressed in parallel 
components. 


If one starts from publication values, the end-effect 
will be about the same but not exactly equal to, for 
example, the lengths of all transmission lines in the . 
components list of the here described amplifier. 


- The balun transformer 


Because one side, the transistor, is known it is 
advisable to look now to the balun section. The 
complete unit has been redrawn in Fig.5. 


O} 502 





Fig. 5 


Here it has been chosen for the situation that each 
transistor half of the BLV38 should transform via Ls 
and Cg to 25N. Doing so the influence of the semi- 
rigid coaxial cable can be neglected in first 
instance. The only elements playing a role in the 
transformation are then the stubs and the coupling 
capacitors Cc including their parasitic series 
inductances Lc. 


In our design a physical length of 80mm has been 
applied. For Zc=50N; €,=2.2; the short-circuited stub 
behaves as a function of frequency: 


f = 175MHz; j 21.19; 19.27nH 
f = 200Mhz; j 24.66N; 19.62nH 
f = 225MHzZ; j 28.32N; 20.03nH 


or almost 20nH in parallel with 25n. 
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In mid-band (200MHz) the following transformation 
results: 


J 12.50N 


20nH 
TSN = 12.332 
J1G628 


f= 200MHz2 7 
Fig. 6. 


The coupling capacitor including parasitic series 
inductance can be given two functions i.e. firstly 
d.c. blocking and secondly impedance transformation. 


It has to handle large r.f. currents so a parallel 
connection of more capacitors is necessary. 


If one choose. for -jXc + jXzg = -j 12.52 and Lg 
~0.5nH it can be done with three ATC100B capacitors 
of 18pF in parallel. This value slightly differs from 
the 60.61pF being asked for in mid-band (including 
Ls), so the resultant becomes 12.33-j 1.612 in series 
at 200MHz. 


It should be noted here, that afore transformation 
components only have been taken at the mid frequency 
of 200Mhz. That is permitted here because all 
elements scale with the frequency and the wide-band 
performance will be optimized later-on with the aid 
of an optimizing computer programme. 


The transformation between single-ended BLV38 and 
balun transformer. 

Fig.7 shows the remaining situation between BLV38 and 
the balun. 


~j1.4852 —j) 1.672 


matching 
\4922 | 175- 225 M2 | 12.330 








edge of 
transistor 
Fig. 7 
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The left hand part of Fig.7 represents the 200MHz 
Situation at the edge (reference plane) of the 
transistor. To adapt the collector and the emitter 
lead some room is needed. The actual 1:1 situation is 
sketched in Fig.8. 





rfe=30nH 
rivet : ‘ 
C =e .Omm 
E 3.5mm 
Cc 
6.0mm 

"¢Cz= ; r 

L a lay Fig.8 


Material parameters are: 


width stripline = 6.0mm 
€y p.c. board = 2.2 
d sheet = 2x0.035mm 


Dp.c. board 1.59mm (1/16") 
Stripline calculations learn: 
Zcdie] = 42-86 
Zcair = 58.999 

€eff = 1.38 
The strip with length 1=10mm can be considered as a 
stripline or a pi-section. For a pi-section one can 
calculate that it consists of the elements shown in 
Fig.9. 

Lpe=1.980H => jXu= 52.482 ( 200MH2) 


Ze 10 mm 
| bo =6,0mm 
ie 7 D= 159 ™m™ 
CT/ = 62 = 
-L % oe -  Big.g €p= 2.2 


The influence of Cp/2 has been neglected, so up to 
the RFC=30nH the impedance amounts to: 1.92 + j 1.0N. 
Inserting the 30nH the impedance changes to 1.82 + 
31.062. So Fig.7 moves into Fig.10 





fi06N2 = GI 
matching 
175-225 MHe 
at 10 mm trom F - f= 200MHz 
transistor edge. Fig.10 
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The matching section can be composed so that it shows 
a Chebishev response. Between 175 and 225MHz the 
following transformation (1.82 to 12.54N) can be done 
with a software programme: 


nr.VSWR Li(nH) C2(pF = L3 (nH) C4(pF) L5(nH) Cé(pF) 
1 1.726 3.488 ie 
2 
3 


1.073 2.083 281. re 6.414 91.270 
1.009 1.431 351.181 4.429 194.065 8.015 62.703 


The two section solution has been taken with a 
maximum (calculated) VSWR of 1.073. Taking all 
transforming elements in one view Fig.10 will change 
in: 


Siege 
= 427.86N 
O, 815nH Ly = 2.083nH L3 = 6.44nH = 56.04 S2 





SIGL 1 Co Cy 12.54 82 
Fig.11 


If the width and so Ze of Ly and I3 are resp. equal 
to 6mm and 42.862 the Cp and {7 are known. For 
D=1.59mm, €;=2.2 and New ff—1.38 they are: 

Cp=1. 235pF/10mm and Lpji=1.977nH/10mn. 
This means that: 
le) Of L1=1.38.10.2.083/1.977=14.52mm and 
le, Of L3=1.38.10.6.414/1.977=44.74mn. 


The capacitive parts consist of some fixed 
capacitors in parallel with a variable one. 


According to experiences it has been chosen for (see 
Fig.12): 






234 pF = 2pF= 
234 pF 4opF =3x39pF 49,2 pF 4OpF es . oF 
Push ~ pull push-pull 
O17, 25nH | 0.17 2.5nH 
nit | 4opF = ZopF on 
ma Push- pall . 
Fig.12 
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Optimization a : 
All hand-calculated component values are put in a 
optimizing computer programme in which elements can 
be given free for optimization. 

Some small corrections were needed, however the 
network is still close to the hand-calculated one. 


The input matching network 
In principle the design philosophy of this network is 


the same as has been applied for the output side. The 
balun (balanced-unbalanced) section is a direct copy. 


As explained before, impedances have been simulated 
first and measured later on. Based upon experience 
the calculated impedances are liable to some 
insecurities. Because of the rather close 
correlation of the calculated and measured figures 
on the output stage, the measured values for the 
input of the BLV38 looked more reliable than the 
calculated ones, so the measured figures have been 
published in the Data Sheet. 


4. PUBLISHED INPUT IMPEDANCE VS. FREQUENCY 


For 


class-AB operation at Voep=35V and P,=225W these 


figures are as follows: 


f (MHz Ri + ixi (2) 
170 0.50 + 3 0.47 
180 0.525 + j 0.57 
190 0.54 + 4 0.62 
200 0.53 + 3 0.64 
210 0.51 + 4 0.64 
220 0.48 + 5 0.63 
230 0.45 + j 0.625 


4.1. Some information of the input section 


5ON 


The design of this network shall not be described 
here in detail. Fig.13 shows the final configuration. 





80.0 mm 
balun 
Q=4,.8mm G3=6.0mm 


F 
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The capacitor of 200pF consists of 2x100pF in 
parallel. These components are soldered on top of 
each other, whilst the distance from the edge of the 
transistor cap to half the capacitors amounts to 
3.0mm. The positioning of these capacitors strongly 
influences the tuning possibilities of the whole 
chain. 


More info can be found in the complete circuit 
diagram (Fig.18) and the list of components. 


. THE COAXIAL 3dB-90°C QUADRATURE HYBRID 


Experiments have been done with two configurations: 
- the branch line type (Fig.14) 
- 90°C crossover hybrid (Fig.15) 


en) - 







Sshunt =Zc =5ON 


 Sgeries = 2ef, ~ 
shunt <shont Ab Series App = 35.36 Q 


Z series 


Fig.14 


The branch line type is fundamentally a 90° hybrid; that 
is, the two output arms which are equal in amplitude are 
in a 90° phase relationship to each other. This 90° 
relationship is perfect only at the design frequency 
(f=200MHz) and varies with frequency. Although this 90° 
relationship is frequency sensitive, it varies. only 
approx. + 5° over a 10% bandwidth (here 20MHz). 


Because the fundamental limitation is the bandwidth and we 
had no direct alternative available, first experiments 
have been done with two of these hybrids being printed on 
PTFE. The bandwidth restriction can be overcome by adding 
additional sections. | 


These units could handle 500W without problems. 


Later on, it has been chosen for the second version the 
90° crossover hybrid because it is smaller in size. Both 
power splitters/combiners have been built with pieces of 
SAGE WIREPAC type LCP1. Because the material may not be 
bent it has been chosen for a V-shape as sketched in 
Fig.15. The square semi-rigid coaxial lines are pressed to 
a brass plate on which each 4 N-type coaxial plugs are 
screwed. 
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Fig.16 shows the block diagram. Two equal units are 
needed. 


Published isolation is greater than 30dB and a power 
rating of 500W up to 1 GHz is permitted. 


- THE BIAS SYSTEM 


The BLV38 has to operate in class-AB. From some 
experiments it has been found that a suitable value for 
Ie(zgs) amounts to approx. 200mA per section. Calculating 
with worst-case hppi,g the bias circuit should ee abie to 
supply peaks of approx. 500mA. 


Further it should have Tey internal resistance (not only 
for d.c.), temperature control and the possibility to 
balance both sections of one device. 


Also it should be independent of supply voltage, short- 
circuit proof and able to withstand a break-through from 
collector to base of BLV38. The latter situation has to be 
indicated by an LED. | 


All these requirements are combined in the networks of 
Fig.18,. To prevent 1.f. detection of r.f. the unit is 
shielded and external connections are decoupled. 


As shown in Fig.17 the temperature sensor transistors are 


mounted quite near to both BLV38's, so a firm temperature 
coupling is guaranteed. More details in Figs.17 and 18. 


COMPLETE AMPLIFIER WITH TWO PIECES BLV38 


Figs. 19 and 20 resp. show the complete circuit diagram 
and the components lay-out. 


The amplifier consists of 3 main parts being screwed to an 
aluminium intermediate heatsink plate (256mmx136mmx10mm). 
Special attention has to be paid to the surface under the 
flanges of the transistors, it should be flat, clean and 
provided with a spare amount of heatsink grease. 


For simplicity the p.c. boards for input-and output balun 
are the same. Size is 136mmx70mmx1/16". The semi-rigid 
cables are soldered to the stubs. 


As Fig.20 shows the circuit and components are on one side 
of the PTFE fibre-glass board; the other side is unetched 
copper serving as ground plane. 

Earth connections are made by hollow rivets and also by 
fixing screws and copper straps on input and output side 
of the board and under the emitters to provide a direct 
contact between the copper on the component side and the 
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It is advisable to press the perifery of both transistors 
down by means of some 2mm screws. Further copper foil has 
been applied between the earth side of the coaxial 
connectors and the lower sheet of the board. Also a sheet 
of copper foil is under the adjoining boards. 


Because of losses the p.c. board should be RT/duroid 5880 
of Rogers Corp. (1/16"; €,=2.2) or material with same. 
quality. 


The greater part of the fixed capacitors are ATC (American 
Technical Ceramics) capacitors type 100B or same quality. 


The description of the p.c. boards has been done with the 
aid of a Circuit Mask (CMSK) computer programme. 


For overall cooling during laboratory experiments two 
"water fingers" were screwed to the lower side of the base 
Deoece The water was temperature controlled at approx. 
ZorC. 


TEST SET-UP FOR 175-225MHzZ 


In case of vision operation at peak sync output power 
levels beyond 400W a lot of typical measurements is 
required. More idealized, for a 3rd order transfer 
characteristic with phase distortion being neglected, a 
much faster and equipment saving method is the gain 
compression test. In that case there is an acceptable 
correlation to i.m.d., differential gain, cross-modulation 
and sync.compression. 


Further, it can be said that it may be expected here that 
the conditions for typical television signals are somewhat 
relaxed because of the lower average power, decreasing 
again the junction temperatures within the BLV38. 


TESTRESULTS OF SINGLE AND COMPLETE AMPLIFIER 


To get an idea of the performance of the single amplifier 
branches it has been started without the coaxial hybrids. 


Because the goal was to design broadband amplifiers they 
were once tuned for the most critical frequency 225MHz. 
So, no retuning since. Then they were combined and the 
complete unit measured again. 


Both groups of results are summarized at pages 16 to 18. 
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10.CONCLUSTONS 


The results of practical tests on a single BLV38 in a 
Wideband circuit come up to the expections as_ are 
published in our Data Handbook (see 3.1.). 


At the testfrequencies 175, 200 and 225MHz the output > 
power is obtained and the compression about at the typical 
point. Gain and efficiency are typical. 


Combining both amplifiers with 3dB-90° hybrids results in 


an amplifier module with }3440W-1dB compression and gain 
and efficiency about at the typical points too. 
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11. SURVEY OF TESTRESULTS 


11.1.Single amplifier A: 


£ Pr Er PR Fs iIc1 Ic2 Spi Gp2 eff. compr. 
(MHz) (W) (Ww) (W) (Ww) (W) (A) (BR) (8B) (%) ~~ (aB) 
225 225 29.6 0.32 29.3 5.5 5.4 8.81 8.86 59.0 -~0:.66 
225 200 25.5 0.33 25.2 5.1 4.9 8.94 9.00 57.1 -0.53 
225 175 21.0 O33 20.7 4.7 4.6 9.21 9.28 53.8 -0.26 
225 150 18.0 0.30 17.7 4.3 4.2 9.21 9.28 50.4 -0.26 
225 100 las eee 0.22 dese a: 3.5 See 9.47 9.55 42.0 O 
200 225 30.0 5.9 24.1 6.3 6.1 8.75 9.70 51.8 -0.46 
200 200 26.4 5.2 21.2 5.8 5.6 8.80 9.85 49.9 -0.42 
200 175 21.7 4.2 17.5 5.1 5.5 9.07 10.00 47.2 -0.14 
200 150 18.8 3.47 15.1 5.0 4.7 9.02 9.97 44.4 -0.19 
200 100 12.0 a~e4 9.6 4.0 3.8 9.21 10.18 36.6 O 
175 225 24.2 3.75 20.5 6.1 5.4 9.68 10.41 55.9 -0.88 
175 200 19.5 i ee 16.3 5.6 4.9 10.11 10.89 54.9 -0.45 
175 175 17.2 26D 14.5 owen 5.5 10.08 10.83 47.2 -0.48 
175 150 14.0 2025 11.7 4.7 4.2 10.30 11.06 48.4 -0.26 
175 100 8.8 1.45 7.4 3.8 3.4 10.56 11.34 39.7 @) 
Note: 

Po=Pp-Pp 


Gp ,=10 log Pi /PRr dB 
Gp2=10 log Pr/Pc dB 
Veco=35V 

Te(zs) =2x200mA 
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11.2.Single amplifier B: 


£ 


£ Po Pr PR Ps I1c1 Ice <p €p2 eff. compr. 
(MHZ) (W) (W) (W) (W) (A) (A) (AB) (GB) (%) (dB) 
225 225: 34 1.8 29.2 5.1 5.1 8.61 8.87 63.0 -0.60 
225 200 26 1.6 24.4 4.7 4.7 8.86 9.14 60.8 -0.35 
225 175 22 1.4 20.6 4.35 4.35 9.01 9.29 57.5 -0.20 
225 150 18.6 1.2 17.4 4.0 4.0 9.07 9.36 53.6 -0.14 
225 100 12 0.75 11.25 3.3 3.25 9.21 9.49 43.6 0 
200 225 30 3.8 26.2 5.8 6.1 8.75 9.34 54.0 ~-0.70 
200 200 24.6 3.3 21.3 5.35 5.55 9.10 9.73 52.4 -0.31 
200 175 21 2.9 18.1 5.0 5.1 9.21 9.85 49.5 ~-0.19 
200 150 18 2.4 15.6 4.7 4.7 9.21 9.83 45.6 -0.21 
200 100 11.5 1.6 9.9 3.75 3.8 9.39 10.04 37.8 0 
175 225 26 5.5 20.5 5.35 5.9 9.37 10.40 57.1 -0.63 
175 200 22 4.7 17.3 4.95 5.45 9.59 10.63 54.9 -0.41 
175 175 18.8 4.0 14.8 4.6 5.0 9.69 10.73 52.1 -0.31 
175 150 15.5 3.3 12.2 4.25 4.5 9.86 10.90 49.0 -0.14 
175 100 0° «225. 7475 SeG: 57 0,0, Diet .39n7 0 
Note: 

Pg=Pp-PR ia 


Gp =10 log P,/Pp dB 
G a= 1= log Pr/Ps dB 
ve =35V 

ce 
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11.3.Complete amplifier 


(MHz) 


225 
225 
225 
225 
225 
225 
225 
225 


200 
200 
200 
200 
200 
200 
200 


175 
175 
175 
175 
bbw 
175 
175 
175 


Pr, 
(W) 


100 
200 
250 
300 
350 
400 
450 
475 


100 
200 
250 
300 
350 
400 
450 


100 
200 
250 
300 
350 
400 
450 
475 


(W) 


11.3 
22.6 
28.3 
35.0 
42.0 
52.4 
68.0 
85.3 


12.6 
24.9 
31.3 
37.6 
46.2 
54.3 
66.5 


9.34 
18.50 
23.90 
28.6 
35.1 
43.1 
a ee 4 
63.3 


PR 
(W) 


0.16 
0.34 
0.43 
0.53 
0.71 
0.83 
1.20 
1.36 


0.1 

0.95 
0.24 
0.29 
0.36 
0.41 
0.47 


0.12 
0.24 
0.30 
0.37 
0.43 
0.56 
0.65 
0.85 


Ps 
(W) 


11.14 
22.30 
27.90 
34.50 
41.30 
51.60 
66.80 
83.90 


12.50 
24.00 
31.00 
37.30 
45.90 
53.90 
66.00 


9.22 
18.26 
23.60 
28.23 
34.67 
42.54 
51.05 
62.45 
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8.15 
9.15 
10.20 
11.45 


5.80 

8.20 

9.20 
10.10 
11.05 
12.1 
13.2 


4.90 
6.85 
7.75 
8.50 
9.25 
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12.LIST OF COMPONENTS 


C1=C3=C5=C7=C8=C11=C12=C13=C14=2. 5 ae cae tantalum 
electrolytic capacitor 

C2=C4=C6=C9=C10=C15=C16= LOnF+10% (500V) 
C17=C18=C19=C20=2x27pF (500V) multilayer ceramic chip 
capacitors in parallel * 

C21=C22=33pF (500V) multilayer ceramic chip capacitor * 
C23=C24=2 to 18pF film dielectric trimmer (cat.no.2222 809 
05003) 

C25=C26=C27=C28=4.7uF (63V) electrolytic capacitor 

C29=C3 0=C31=C32=C53=C54=C55=C56=10nF (50V) multilayer ceramic 
chip capacitor 

C33=C34=47pF (500V) multilayer ceramic chip capacitor * 
C35=C36=5 to 60pF film dielectric trimmer (cat.no.2222 809 
08003) 

C37=C38=2x100pF (500V) multilayer ceramic chip capacitors in 
parallel * 

C39=C40=4x20pF (500V) multilayer ceramic chip capacitors in 
parallel * 

C41=C42=C43=C44=C45=C46=C47=C48=470pF (500V) multilayer 
ceramic chip capacitor * 

C49=C50=C57=C58=4 to 40pF film dielectric trimmer (cat.no. 
2222 809 08002) 

C51=C52=3x8.2pF (500V) multilayer ceramic chip capacitors in 
parallel * 

C59=C60=C61=C62=10uF (63V) electrolytic capacitor 
C63=C64=C65=C66=3xX18pF (500V) multilayer ceramic chip 
capacitors in parallel * = 
C67=C68=C69=C7 0=C71=C72=330pF (50V) multilayer ceramic chip 
capacitor | 


L1=L3=L4=L6=L51=L53=L54=L56=50N stripline (4.8mmx80mm) 
~L2=L5=L52=L55=50N semi-rigid cable; outer dia.3.6mm; outer 
conductor length 80mm; soldered on striplines L3,L6,1L53,L56. 
L7=L8=L9=L10=43N stripline (6.0Ommx28mm) 
L11=L12=L13=L14=Ferroxcube wide-band HF choke; grade 3B 
(cat.no. 4312 020 36642) | 
L15=L16=L17=L18=43N stripline (6.0Ommx6. 0mm) 

L19=L20=L21=7 turns closely wound enamelled Cu wire (0.4mm); 
int.dia.3mm; leads 2x4mm 

L23=L24=L25=L2 6=L27=L28=L29=L3 0=L47=L48=L49=L50=43N stripline 
(6.Ommx12mm) : = 

L31=L32=L33=L34=30nH; 2 turns enamelled Cu wire (1.6mm); 
int.dia.6mm; leads 2x3mm; coillength 5mm; connected 12mm from 
transistor edge. 

L35=L36=L37=L38=43N. stripline (6.Ommx4mm) 

L39=L40=L41=L42=43N stripline (6.Ommx29mm) 
L43=L44=L45=L46=Ferroxcube wide-band HF choke; grade 3B 
(cat.no.4312 020 36642), 2 straight wires (0.8mm) through 
FXC-bead in parallel. 
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R1=2KN 

R2=2400 

R3=R4=560N 

R5=R6=39KN 

R7=R8=4. 7K 

R9=R10=500N variabel 10 turns 
R11=R12=R31=R32=1K8-0.5W (depends on Vcc; in this’ case 
Vec=3 5V) 

R13=R14=R29=R30=680 

R15=R16=R27=R28=180N 

R17=R18=R23=R24=6800 

R19=R2 0=R25=R26=1KN 

R21=R22=100N variabel 10 turns 


The several striplines are on a double Cu-clad printed 
circuit board with glass microfibre reinforced PTFE, 
dielectric (€,=2.2); thickness 1/16"; thickness of copper 
Sheet 2x35yum. 


The circuit and the components are on one side of the p.c. 
board, the other side is unetched copper to serve as ground 
plane. 

Earth connections are made by copper straps under the emitter 
lead and at several places as has been shown in Fig.19. 

Also hollow rivets and a lot of M2 and M3 screws are applied. 


* American Technical Ceramics (ATC) capacitor type 100B or 
capacitor of same quality. 
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Philips Components — a worldwide company 


Argentina: PHILIPS ARGENTINA S.A., Div. Philips Components, 
Vedia 3892, 1430 BUENOS AIRES, Tel. (01)541-4261. 

Australia: PHILIPS COMPONENTS PTY Ltd, 11 Waltham Street, 
ARTARMON, N.S.W. 2064, Tel. (02)4393322. 
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UB Bauelemente, Triester Str. 64, 1101 WIEN, 
Tel. (0222) 60 101-820. 

Belgium: N.V PHILIPS PROF SYSTEMS — Components Div., 


80 Rue Des Deux Gares, B-1070 BRUXELLES, Tel. (02)52 56 111. 


Brazil: PHILIPS COMPONENTS (Active Devices) Av. das Nacoes 
Unidas, 12495-SAO PAULO-SP, CEP 04578, Tel. (011)534-2211. 
PHILIPS COMPONENTS (Passive Devices & Materials) 

Av. Francisco Monteiro, 702-RIBEIRAO PIRES-SP. 
CEP 09400, Tel. (011) 459-8211. 

Canada: PHILIPS ELECTRONICS LTD., Philips Components, 

601 Milner Ave., SCARBOROUGH, Ontario, M1B 1MB8, 

Tel. (416) 292-5161. 

(IC Products) SIGNETICS CANADALTD., 1 Eva Road, Suite 411, 
ETOBICOKE, Ontario, M9C 4Z5, Tel. (416)626-6676. 

Chile: PHILIPS CHILENA S.A., Av. Santa Maria 0760, SANTIAGO, 
Tel. (02) 7738 16. 

Colombia: !PRELENSO LTDA., Carrera 21 No. 56-17, BOGOTA, 
D.E., RO. Box 77621, Tel. (01)249 76 24. 

Denmark: PHILIPS COMPONENTS ASS, Prags Boulevard 80, 
PB1919, DK-2300 COPENHAGEN S, Tel.01-54 1133. 

Finland: PHILIPS COMPONENTS, Sinikalliontie 3, SF-2630 
ESPOO HELSINKI 10, Tel. 358-0-50 261. 

France: PHILIPS COMPOSANTS RTC-COMPELEC, 117 Quai du 
Président Roosevelt, 92134 ISSY-LES-MOULINEAUX Cedex, 
Tel. (01)4093 8000. 

Germany (Fed. Republic): VALVO, UB Bauelemente der Philips 
G.m.b.H., Valvo Haus, Burchardstrasse 19, D-2 HAMBURG 1, 
Tel. (040) 3296-0. 

Greece: PHILIPS HELLENIQUE S.A., Components Division, 

No. 15, 25th March Street, GR 17778 TAVROS, 
Tel. (01)48 94 339/48 94911. 

Hong Kong: PHILIPS HONG KONG LTD., Components Div., 
15/F Philips Ind. Bldg., 24-28 Kung Yip St., KWAI CHUNG, 

Tel. (0)-42.45 121. 

India: PEICO ELECTRONICS & ELECTRICALS LTD., 
Components Dept., Band Box Building, 254-D Dr. Annie 
Besant Rd., BOMBAY — 400025, 

Tel. (022) 4930 311/49 30590. 


Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Components Div., 


Setiabudi || Building, 6th Fl., Jalan H.R. Rasuna Said 
(P.O. Box 223/KBY) Kuningan, JAKARTA 12910, 
Tel. (021) 51 79.95. 

lreland: PHILIPS ELECTRONICS (IRELAND) LTD., 
Components Division, Newstead, Clonskeagh, DUBLIN 14, 
Tel. (01)6933 55. 

Italy: PHILIPS S.p.A., Philips Components, 

Piazza |V Novembre 3, |-20124 MILANO, Tel. (02)6752.1. 

Japan: PHILIPS JAPAN LTD,. Components Division, 

Philips Bldg 13-37, Kohnan 2-chome, Minato-ku, TOKYO 108, 
Tel. (03) 740-5028. 

Korea (Republic of): PHILIPS ELECTRONICS (KOREA) LTD. 
Components Division, Philips House, 260-199 Itaewon-dong, 
Yongsan-ku, SEOUL, Tel. (02) 794-5011. 

Malaysia: PHILIPS MALAYSIA SDN BHD, Components Div., 

3 Jalan SS15/2A SUBANG, 47500 PETALING JAYA, 
Tel. (03) 7345511. 

Mexico: PHILIPS COMPONENTS, Paseo Triunfo de la Republica, 
No 215 Local 5, Cd Juarez CH! HUA HUA 32340 MEXICO 
Tel. (16) 18-67-01/02. 

Netherlands: PHILIPS NEDERLAND B.V., Marktgroep Philips 
Components, Postbus 90050, 5600 PB EINDHOVEN, 

Tel. (040) 783749. 

New Zealand: PHILIPS NEW ZEALAND LTD., 

Components Division, 110 Mt. Eden Road, C.P.O. Box 1041, 
AUCKLAND, Tel. (09) 605-914. 


Norway: NORSK A/S PHILIPS, Philips Components, Box 1, 
Manglerud 0612, OSLO, Tel. (02)6802 00. 

Pakistan: PHILIPS ELECTRICAL CO. OF PAKISTAN LTD., 
Philips Markaz, M.A. Jinnah Rd., KARACHI-3, 

Tel. (021) 7257 72. 

Peru: CADESA, Carretera Central 6.500, LIMA 3, Apartado 5612, 
Tel.51-14-350059. 

Philippines: PHILIPS INDUSTRIAL DEV. INC., 

2246 Pasong Tamo, P.O. Box 911, Makati Comm. Centre, 
MAKATI-RIZAL 3116, Tel. (02)8689 51 to 59. 

Portugal: PHILIPS PORTUGUESA S.A.R.L., Av. Eng. Duarte 
Pacheco 6, 1009 LISBOA Codex, Tel. (019)68 31 21. 

Singapore: PHILIPS SINGAPORE, PTE LTD., Components Div., 
Lorong 1, Toa Payoh, SINGAPORE 1231, Tel.3502 000. 

South Africa: S.A. PHILIPS PTY LTD., Components Division, 
JOHANNESBURG 2000, P.O. Box 7430. 

Spain: PHILIPS COMPONENTS, Balmes 22,08007 BARCELONA, 
Tel. (03)301 63 12. 

Sweden: PHILIPS COMPONENTS, A.B., Tegeluddsvagen 1, 
S-11584 STOCKHOLM, Tel. (0)8-78 21 000. 

Switzerland: PHILIPS A.G., Components Dept., 
Allmendstrasse 140-142, CH-8027 ZURICH, 

Tel. (01) 488 22 11. 

Taiwan: PHILIPS TAIWAN LTD., 581 Min Sheng East Road, 
P.O. Box 22978, TAIPEI 10446, Taiwan, Tel. 886-2-5005899. 

Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD., 
283 Silom Road, P.0. Box 961, BANGKOK, 

Tel. (02) 233-6330-9. 

Turkey: TURK PHILIPS TICARET A.S., Philips Components, 
Talatpasa Cad. No. 5, 80640 LEVENT/ISTANBUL, 

Tel. (01) 17927 70. | 

United Kingdom: PHILIPS COMPONENTS LTD., 

Mullard House, Torrington Place, LONDON WC1E 7HD, 
Tel. (01) 580 6633. 
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Display Tubes) PHILIPS DISPLAY COMPONENTS COMPANY, 
1600 Huron Parkway, P.O. Box 963, ANN ARBOR, 
Michigan 48106, Tel. 313/996-9400. 

(IC Products) SIGNETICS CORPORATION, 811 East Arques 
Avenue, SUNNYVALE, CA 94088-3409, Tel. (408) 991-2000. 
(Passive Components, Discrete Semiconductors, Materials 
and Professional Components) PHILIPS COMPONENTS, 
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P.O. Box 10330, RIVIERA BEACH, Florida 33404, 

Tel. (407) 881-3200. 

Uruguay: PHILIPS COMPONENTS, Coronel Mora 433, 
MONTEVIDEO, Tel. (02) 70-40 44. 

Venezuela: MAGNETICA S.A., Calle 6, Ed. Las Tres Jotas, 
CARACAS 1074A, App. Post. 78117, Tel. (02) 241 7509. 

Zimbabwe: PHILIPS ELECTRICAL (PVT) LTD., 

62 Mutare Road, HARARE, P.O. Box 994, Tel.47211. 
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